













INTRODUCTION 




TO THE 


RARER ELEMENTS 


BY 

PHILIP E. BROWNING, Ph.D., 

Aisistant Professor of Chemistry^ Kent Chemical Laboratory^ 
Yale University» 


FOURTE EDITION, THOROmHLY REVISED. 

SECOND IMPRESSION, .CORRECTED 


NEW YORK 

JOHN WILEY & SONS, Inc. 

Lonix>n: CHAPMAN’ & HALL, Limited 
1919 



M.OG 


CoPYEiGHT, 1903 , 1908 , 1912 , 1917 , 

BY 

PHILIP E. BROWNING, 


PRESS OF 

BRAUNWORTH & CO. 
BOOK MANUFACTURERS 
BROOKLYN, N. Y. 





PREFACE TO THE FOURTH EDITION. 


In attempting to bring this work up to date for a new 
edition the author has made numerous changes and addi¬ 
tions throughout. 

The chapter on Radio-Elements has been thoroughly 
revised by Professor B. B. Boltwood, who contributed it 
originally to the second edition. Professor H. S. Uhler,. 
who aided in the selection of certain spectroscopic material 
for the third edition, has furnished a plate showing the 
spectrum of gallium and also the spectra of certain gallium 
and indium products prepared in collaboration with the 
author. To both of these colleagues the author acknowl¬ 
edges his indebtedness. 

The section dealing with the rare earths has been re¬ 
arranged in accordance with recent researches in that field. 
The discovery of gallium, indium, and germanium in appre¬ 
ciable amoimts in certain of our American commercial 
mineral products has furnished material for a wider study of 
these elements, and has made desirable a more extended de¬ 
scription of their chemical behavior. The treatment of the 
subject of qualitative separation has been made fuller by 
the introduction of certain alternative methods; and some 
of the newer technical applications of the rarer elements- 
have been noted. A table has been prepared to show the 
chief associates of these elements, and so to indicate the 
major analytical problems which face the chemist inter¬ 
ested in them. 

Special attention has been given to the revision of the 
experimental work, which now consists of about two hun- 
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dred experiments. Included in these are adaptations, suit¬ 
able for the laboratory, of processes by means of which 
compounds of practically all the rarer elements may be 
obtained from available minerals or from commercial 
by-products. A careful study of the experiments will 
accomplish the main purpose of the book. 

The author wishes to reiterate the statement made in 
former prefaces that this little work is intended not to 
treat exhaustively the subject of the rarer elements, but 
rather to serve as an introduction to the study of an inter¬ 
esting group which the chemist in the inorganic field cannot 
afford to neglect. 

New Haven, Conn., January, 1917. 




PREFACE TO FIRST EDITION. 


This sniall vnlurnf*. prc-partnl from malcFial used 1>y tlur 
milhur iji a short l(.*ctun: course ^fiven at ^'ale riiivcrsity, 
is uili'iuleil to serve as a {■ouveiiieut. handlHtok in the inlro- 
cltuiory stmlv of ih«! rarer elements; that is, of those 
elements which are lad always taken up in a t;eneral course 
in elu'jui-.trv. Xo attempt has hei*n made to treat any part 
of the snhjeet exhaustively, hut enoujjh references hav'e 
Iw'cn ttiveii to furnish a point of <lep.arture for the student 
who wislu’s to iiivestij'ate for himself. fCxperimental work 
has included except iii the case (»f those cicnuaits which 
are unavailahle, either tn'cause of their scarcity or hecause 
the diflieulfy of isttlatin^ titem. 

Hie author has drawn freely upon ehemieal journals and 
.standard general works. In his treatment of the rare eiirths 
}h* has made esjjecia! tisi* of llerxfehl and Korn's Cliemie 
(h r xi-iimnt Ertkn anfl Pruehot's Ij'h Tnres Kitres, works 
which hi' t'ladly recommeinis. He gratefully acknowledges 
the vahiahk: assistance of his wife in preparing this ma^- 
terial for the press. 

N«w iiAV»i« April, 
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CHAPTER I. 

THE ALKALIES. 


lITHnJM, Li, 6.94. 


Discovery. In 1817 Arfvedson, ■working in Berzeli-us’s 
laboratory upon a petalite from Uto, Sweden, discovered 
an alkali which he found to differ from those already known 
in the following particulars; (i) in the low fusing points 
of the chloride and sulphate; (2) in the hydroscopic char¬ 
acter of the chloride; and Cl) the insolubility of the car¬ 
bonate. In his analysis of the mineral it had remained 
associated with sodium, not being precipitated by tartaric 
acid. To the newly discovered element the name Lithium 
was given, from lidos, stone, because it differed from 
sodium and potassium in having a mineral rather than 
a vegetable origin (Ann. der Phys. u. Chem. (1818), xxix, 
229; Ann. Chim. Phys. [2] x, 82). It has since been found, 
however, not only in the mineral kingdom, but in the 
vegetable and animal kingdoms also. 

Occurrence. Lithium is found combined as follows: 

(i) In minerals: 


Petalite, LiAl(Si20s)2, contains 2-5%* Li20. 

Spodu'nte'ne,'^ LiAl(Si03)2, “ 4-8% “ 


LepidoHte, RgA^SiOals, “ 4-6% " 

Zinnwaldite, (K,Li)3FeAl3Si50i6(OH,P)2, " 3-4% “ 

Cryolithionite, Li3Na3Al2Fi2, 5 ~6% Li 

Cryophylhte, complex silicatp, vid. Zinnwaldite, contains 
4-5% LiaO. 


♦ In the tabulation of percentages the nearest whole niimbers have generally 
been used in this book. 

f Tbe more important miaeral sources atre indicated by italics. 
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Irvingite, complex silicate, contains 4-5% Li20. 
Polylithionite, complex silicates, vid. Zinnwaldite, contains 

about 9% Li20. 

Beryl, Be3Al2(Si03)e, contains 0-1% Li^O. 

Triphylite, Li(Fe,Mn)P04, “ 8-9% “ 

Lithiophilite, Li(Mn,Fe)P04, “ 8-9% “ 

Amblygonite, Li(AlF)P04, “ 8—10% “ 

Natramblygomte,N&MiOU)-pOi, “ 3-4% “ 

Sicklerite, Fe203-6Mn0-4P205 -3(^11)20, cent’s 3.8% Li20. 

Small amounts of lithium are found also in some varieties of 
tourmaline, in epidote, muscovite, orthoclase, and psilomelane. 

(2) In certain mineral waters, among which are Diirk- 
heim, Kissingen, Baden-Baden, Bilin, Assmannshausen, 
Tarasp, Kreuznach, Salzschlirf, Aachen, Selters, Wildbad, 
Ems, Hombuxg, Karlsbad, Marienbad, Egger-Franzen- 
bad, Wheal Clifford, Bad Orb, Sciacca, Salsomaggiore. 

(3) In seaweed, tobacco, cacao, coffee, and sugar¬ 
cane; in milk, human blood, and muscular tissue; in me¬ 
teorites, soils,* and sea-water. 

Extraction. Lithium may be extracted from minerals 
by the following methods: 

(x) From triphylite or lithiophilite. The coarsely ground 
mineral is dissolved in hydrochloric acid to which nitric- 
acid is gradually added, and the solution obtained is treated 
with a sufficient amount of ferric chloride to unite with all 
the phosphoric acid present. This solution is evaporated 
to dryness and the residue is extracted with hot water. 
The extract thus obtained is treated with barium sulphide,, 
to remove the manganese and the last traces of iron. The 
barium is removed by sulphuric acid, and the filtrate is 
evaporated with oxalic acid and ignited. The alkalies 
remain as carbonates (Muller). 

Lithium may be separated from the other alkalies bj 
treating the mixed carbonates with water, lithium carbonate 
being comparatively insoluble. 

(2) From lepidolite {or any other silicate). The mineral is 


* Vid. Steinkoenig, J. Ind. Eng. Chem. vn, 425 (1915). 
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melted at /ed heat in a crucible, the melted mass is cooled 
rapidly in water and pulverized. • Sufficient water is added 
to give the material the consistency of paste. Hydrochloric 
acid of specific gravity 1.2, equal in weight to the weight 
of the mineral taken, is gradually added, with stirring. 
The mass is allowed to stand for twenty-four hours. It is 
then heated again to about 100® C., with stirring, and a 
second portion of acid equal to the first is added. Upon 
several hours’ heating the silica separates in the form of 
powder, and after treatment with nitric acid to oxidize 
the iron, the soluble material is separated by filtration from 
the silica. The filtrate is heated to the boiling-point and 
treated with sodium carbonate, which precipitates iron, 
aluminum, calcium, magnesium, manganese, etc. These 
are removed by filtration, and the liquid is evaporated to 
a small volume and filtered again if necessary. Lithium 
carbonate is precipitated by more sodium carbonate 
(Schrotter). 

The Element. A. Preparation. Elementary lithium may 
be obtained (i) by subjecting the fused chloride or bromide 
to electrolysis; (2) by heating a mixture of elementary 
calcium and lithixim chloride in the presence of hydrogen 
(Hackspill). 

B. Properties. Lithium is a metallic element which has 
a silvery-white luster and which oxidizes in the air, though 
more slowly than potassium and sodium. It decomposes 
water at ordinary temperatures, and is light enough to- 
float in petroleum. Its melting-point is 183^ C.; its specific 
gravity is 0.59. 

Compotmds. A, Typical forms. The following are 
typical compounds of lithium: 

Oxides, Li20; Li202. 85.45. 

Hydroxide, LiOH. 

Carbonate, LijCOj. 

Chloride, LiCl. 

Chlorate, LiClOg + o.sHaO. 
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Perchlorate, LiClO^ + sH^O. 

Bromide, LiBr. 

Bromate, LiBrO,. 

Iodide, LiI + 3H20. 

lodate, LilOj + o.sHjO. 

Periodate, LiI04. 

Fluorides, LiF; LiF-HF. 

Nitride, LiNj. 

Nitrite, LiNOj + o-sH^O. 

Nitrate, LiNOj. 

Sulphide, LijS. 

Sulphite, LijSOg. 

Sulphates, Li2S04; KLiSOg; NaLiS04; etc. 

Phosphates, LiH2P04; Li3P04 + o.5H20; Li4P307. 

Carbide, Li2C2. 

SiHcofluoride, Li2SiF, + 2H20. 

B. Characteristics. Most of the salts of lithium are 
easily soluble in water; the principal exceptions are the 
carbonate, the phosphate, and the fluoride, which are 
difficultly soluble. Lithium resembles sodium more closely 
than it resembles the other alkalies, in that it does not 
form an insoluble chloroplatinate, nor a series of alums. 
The nitrate and the chloride are soluble in alcohol. The 
compounds of lithium color the flame brilliant crimson. 

Estimation. Lithium is usually weighed as the sul¬ 
phate or chloride. 

Separation. Lithium may be separated from the other 
members of the alkali group (i) by the ready solubility of its 
chloride in amyl alcohol (Gooch, Amer. Chem. Jour, ix, 33); 
(2) by the solvent action of absolute ethyl alcohol upon 
the chloride;* (3) by the insolubility of the phosphate in the 
presence of ammonia and ethyl alcohol (Benedict, Amer. 

At 25® C., 100 grm. ethyl alcohol dissolves amyl alcohol dissolves 


LiCl. 25.8 grm. 9,03 grm. 

NaCl. 0,065 “ 0.002 “ 

KCl.. 0,02 0.0008“ 

KbCl. 0.078 “ 0,0025 
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Chem. Jour, xxxii, 480); (4) by the comparative insolubility 
of the carbonate; (5) by the solubility of the fluosilicate 
(Reichard, Chem. Ztg. xxix, 861); (6) by the solubility of 
the chloride in primary isobutyl alcohol (Winkler, Ztschr. 
f. anal. Chem. lii, 628); (7) by the solubility of the chloride 
in pyridine (Kahlenberg, Jour. Amer. Chem. Soc. xxiv, 401). 

EXPERIMENTAL WORK ON LITHIUM. 

Experiment. i. Extraction of lithium salts from tri- 
phylite or lithiophilite. Dissolve 25 to 50 grm. of finely 
powdered mineral in common hydrochloric acid, add 
sufficient nitric acid to oxidize the iron, and- enough ferric 
chloride to combine with all the phosphoric acid present. 
Evaporate to dryness,and extract with hot water. Treat 
the extract with barium hydroxide in slight excess. Filter, 
add sulphuric acid to complete precipitation of barium 
sulphate, and filter again. Convert the sulphates present 
into carbonates by the careful addition of barium carbonate, 
filter, acidify the filtrate with hydrochloric acid, evaporate 
to dryness, and extract the lithium chloride with alcohol. 

(Lithium salts may be extracted also from the mother- 
liquor after the extraction of caesium and rubidium salts 
from lepidolite. The liquor is treated with barium car¬ 
bonate in excess and is then boiled and filtered. The 
filtrate is acidified with hydrochloric acid,- evaporated to 
dryness, and extracted -with alcohol.) 

Experiment 2. Precipitation of lithium phosphate 
(Li3P04) and lithium fluoride (LiP). (a) To a solution 
of a lithium salt add sodium phosphate in solution, (b) 
Try similarly the action of sodium fluoride. 

Experiment 3. Precipitation of lithium carbonate 
(Li2C03). To a few drops of a concentrated solution of 
a lithium salt add sodium carbonate in solution. 

Experiment 4. Solvent action of alcohol upon lithium 
salts. Try the action of ethyl or amyl alcohol upon a 
little dry lithium nitrate or chloride. 
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Experiment 5. Flame and spectroscopic tests for lithhim. 
(a) Dip a platinum wire into a solution of a lithium salt and 
hold in a Bunsen flame. Note the color. 

(6) Observe the lithium flame by means of the spectro¬ 
scope. Note the bright crimson line between the potas¬ 
sium and sodium lines. 

Experiment 6. Negative tests of lithium salts. Note 
that hydrogen sulphide, ammonium hydroxide, ammonium 
carbonate acting upon dilute solutions, chloroplatinic acid, 
and sodium cobaltic nitrite give no precipitate with lithium 
salts. 


RUBIDIUM, Rb, 85. 45 - 

Discovery. Rubidium was discovered by Bunsen 
and KirchhofE in 1861, by means of the spectroscope, in 
the course of some work upon a lepidolite from Saxony 
(J. B. (1861), 173; Chem. News iii, 357). The alkaline 
salts had been separated by the usual methods and pre¬ 
cipitated with platinic chloride. The precipitate, when 
examined with the spectroscope, showed at first only the 
potassium lines. When it had been boiled repeatedly 
with water, however, the residue gave two violet lines 
situated between the strontium blue line and the potas¬ 
sium violet line at the extreme right of the spectrum. 
These increased in strength as the boiling continued, and 
with them appeared several other lines, among which 
were two almost coincident with the potassium red line (a) 
at the extreme left. These lines, observed for the first 
time, marked the discovery of an element; because of their 
color Bunsen gave it the name Rubidium, from the Latin 
rubidus, the deepest red. 

Occurrence. Rubidium, like caesium, is widely distrib- 
uted, but in very small quantities. It is foimd 
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(1) In minerals: 

Lepidolite, R3Al(Si03)3, contains 0.7-3.o% RbjO. 
Leucite, KAl(Si03)3, “ traces “ 

Spodumene, LiAl (8103)3, “ “ 

Triphylite, Li(Pe,Mn)PO^, “ “ “ 

Lithiophilite, Li(Mn,Fe)PO^, “ “ “ 

Camallite, KMgCl3-6H30, 

Mica and orthoclase contain “ “ 

Some microclines “ 2.3 “ 

(2) In certain mineral waters, among which are the 
following: Ungemach, Ems, Kissingen, Nauheim, Selters, 
Vichy, Wildbad, Kochbrunnen (Wiesbaden), Diirkheim. 

(3) In beet-root, many samples of tobacco, some coffee and 
tea, ash of oak and beech, crude cream of tartar, potashes, 
and mother-liquor from the Stassfurt potassium salt works. 

Extraction. Rubidium may be extracted with cjesium 
from lepidolite {vid. Extraction of Caesium). 

The Element. A. Preparation. Elementary rubidium 
may be obtained (i) by heating the charred tartrates to a 
white heat (Bunsen); (2) by reducing the hydroxide or the 
carbonate with magnesium (Winkler, Ber. Dtsch. chem. 
Ges. XXIII, 51); (3) by reducing the hydroxide with alumi¬ 
num (Beketoff); (4) by heating the chloride with calcium 
{vid. Lithium). 

B. Properties. Rubidium is a soft white metal which 
melts at 38° C. It takes fire in the air, burning to the 
oxide. It decomposes water. Its specific gravity is 1.52. 

Compoimds. A. Typical forms. The following are 
typical compounds of rubidium: 

Oxides, Rb20; Rb202; Rb203; Rb204. 

Hydroxide, RbOH. 

Carbonates, Rb2C03; RbHC03. 

Chloride, RbCl. 

Double chlorides, HgCL-sRbCl; 2PbCl2-RbCl; BiCL -dRbCl; 
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CdCl2-2RbCl;' sAsCla-sRbCl; 3 SbCl;rsR'>t'l; 
MnCl 2 - 2 RbCl+ 2 H 20 ; ZnCl2-2RbCl: MgCl2-RbCl + 
6H2O; AuCls-RbCl; TeCU-2RbCl; TICI3■2RbCl + HAJ; 
and many others. 

Chlorate, RbClOs. 

Perchlorate, RbC104. 

Bromides, RbBr; RbBrs. 

Double bromides, 2PbBr2-RbBr; 2AsBr3-3RbBr; zBbBr;)- 
3RbBr;AuBr3 • RbBr;TeBr4 • sRbBrjTlBra -aRbBr-i H2(). 
Iodides, Rbl; Rbl3; and others. 

Double iodides, AgI-2RbI; Pbl^-Rbl + alljO; 2Asl3-3RbI; 

2Sbl3• 3RbI; Tel,-2RbI; Til,■ Rbl + 2H,(). 
lodates, RblO,; RblO,-HIO,; RbI03-2HI(V 
Nitride, RbN,. 

Nitrates, RbNO,; sRbNO^-CoCNO,),-!- 11 , 0 . 

Cyanide, RbCN. 

Sulphates, Rb,SO,: RbHSO,; Rb,S/),; Rb/)-8S(V 
Alums, RbAl(S 0 ,),+ i2H/J»; RbFc(S(),),+1211,0; 

RbCr(SO,),+ i 2H,0: Rb,S0,-Tip,-3S0,-{- 2^ip. 
Chloroplatinate, Rb^PtCl#. 

Silicofiuoride, RbjSiFg. 

B. Characteristics. The rubidium compounds arc soluble, 
and similar to those of potassium and caesium {vid. Caesium). 
Among the important insoluble salts are the perchlorate 
(RbC104), the silicofiuoride (Rb2SiF6), the chloroplati¬ 
nate (Rb2PtCl6), the bitaxtrate (RbH02C4H404), the alums 
(RbAl(S04)2-+-i2H20 and RbPe(S04)2-f 12H2O), and the 
cobaitic nitrite (RbsCoCNO2) e, typical). The salts of rubid¬ 
ium color the flame violet. The spectrum gives two lines 
in the violet to the right of the caesium lines (Rba and 
Rbg), also two lines not so distinct in the dark red (Rby 
and RbS), near the potassium red line, at the left of the 
spectrum. 

Estimation, Separation, and Experimental Work. Vid. 
Caesium. 
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C-®SIUM, Cs, 132.81. ® ^ VG A 1.0 

Discovery. Caesium was discovered in i860 by Bun¬ 
sen and Kirchhoff while they were engaged in the spectro¬ 
scopic examination of a mother-liquor from the waters of 
Diirkheim spring (Pogg. Annal. cxiii, 337; Chem. News ir, 
281). After the removal of the strontium, calcium, and 
magnesium, by well-known methods, and of the lithium 
as far as possible by ammonium carbonate, the mother- 
liquor was tested, and gave, in addition to the potassium, 
sodium, and lithium lines, two beautiful blue lines never 
before observed, near the strontium blue lines. Bunsen 
gave the name Caesium to the newly discovered element, 
from the Latin caesius, the blue of the clear sky. 

Occurrence. Caesium is found in combination as 
follows: 

(1) In minerals: 

Pollucite, HjCs^Al^(Si03)5, contains 3i-37%Cs20. 

LepidoUte, LiK(Al(0H,F)2)-Al(Si03)3, contains 0.2-0.7% CSjO. 
Beryl, Be3Alj(Si03)B, contains 0-3% CsjO. 

(2) In certain mineral waters, among which are Diirk- 
heim (i liter contains about 0.21 mg. RbCl and 0.17 mg. 
CsCl), Nauheim, Baden-Baden, Frankenhausen, Kreuz- 
nacher, Bourbonne les Bains, Monte Catin-j, Wheal Clif¬ 
ford. 

(3) In ash from some tobacco. 

Extraction. Of the methods in use for the extraction 
of caesium the following may serve as examples: 

(i) From pollucite. The finely powdered mineral is de¬ 
composed on a water-bath with strong hydrochloric acid, 
and the acid solution is treated in one of three ways: (a) 
with antimony trichloride, which precipitates the double 
chloride of antimony and caesium (3CsCl-aSbCla) (Wells, 
Amer. Chem. Jour, xxvi, 265); (fc) with a solution of lead 
chlori'e containing free chlorine, which precipitates a 
double chloride of caesium and tetravalent lead (2CsCl- 
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PbCU) (Wells, Amer. Jour. Sci. [3] xlvi, 186); (c) with an 
excess of ammonium alum crystals, the liquid being then 
allowed to crystallize, and caesium alum coming down first 
(CsA 1 (S 04 ) 2 - 121120 ) (Browning and Spencer, Amer. Jour. 
Sci. XLii, (1916), 279). 

(2) From any silicate. The mineral is heated with 
a mixture of calcium carbonate and ammonium chloride, 
and the fused mass is cooled and extracted with water. 
The liquid is then evaporated to a small volume, and sul¬ 
phuric acid is added to precipitate the calcium as the sul¬ 
phate. After filtration, evaporation is continued until the 
greater part of the hydrochloric acid has been expelled. 
Sodium or ammonium carbonate is then added to complete 
the removal of the calcium salt. Upon the addition of 
chloroplatinic acid the caesium and rubidium are precipi¬ 
tated as the salts of that acid. By the action of hydrogen 
upon these salts the platinum is precipitated, while the 
caesium and rubiditim chlorides are left in solution. 

(3) From lepidolite. The mineral is decomposed by 
heating with a mixture of calcium fluoride and sulphuric 
acid (vid. Experiment i). 

The Element. A. Preparation. Elementary caesium 
may be obtained (i) by heating caesium hydroxide with 
alruninum to redness in a nickel retort (Beketoff, Bull. 
Acad, Petersburg iv, 247); (2) by heating caesium hy¬ 
droxide with magnesium in a current of hydrogen (Erd¬ 
mann and Menke, Jour. Amer. Chem. Soc. xxi, 259, 420); 
(3) by heating caesium carbonate with magnesium in a 
current of hydrogen (Graefe and Eckardt, Zeitsch. anorg. 
Chem. XXII, 158); (4) by heating the chloride with calcium 
iyid. Lithium). • 

B. Properties. Caesium, the most positive of the metals, 
is silvery white and soft. It takes fire quickly in the air, 
.burning to the oxide. It melts at 26° C. Like the other 
: alkaline metals it decomposes water. Determinations of 
its specific gravity range from 1.88 to 2.4. 
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Compounds. A. Typical forms. 'The following are 
typical compounds of caesium: 

Oxides, CssO; CS2O2; CS2O3; CS2O4. 

Hydroxide, CsOH. 

Carbonates, CS 2 CO 3 ; CsHCOs. 

Chloride, CsCl. 

Double chlorides, AgCl-CsCl; HgCl2-CsCl; PbCU-sCsCl; 
PbCl2-4CsCl; aBiCls-sCsCl; CuCl2-2CsCl; Cu2Cl2- 
CsCl;CdCl2 ■ sCsCl; 2ASCI3 •3CsCl;2SbCl3-3CsCl;SnCl2 • 
CsCl; Fe2Cl6 • 6 CsCl; C0CI2 • 3 CsCl; NiCl2 ■ 2 CsCl; MnCl2 • 
2CsCl: ZnCl2-3CsCl; MgCl2-CsCl+6H20; AuCl3- 

CsCl; PtCl4-2CsCl; PtCl2-2CsCl; PdCl2•2CsCl;TeCU* 
2CsCl; TICI3 • 3CSCH-H2O; and many others. 

Bromides, CsBr; CsBrs;'CsBrs. 

Doublebromides,HgBr2•CsBr;PbBr2•4CsBr; CuBr2 ■ aCsBr; 
CdBr2 • 3 CsBr; 2AsBrs • 3 CsBr ;CoBr2 ■ 2 CsBr ;NiBr2 • CsBr; 
ZnBr2 • 2 CsBr; MgBr2 • CsBr+6H2O; AuBra • CsBr; TeBr4 
•2CsBr; 2TlBr3-3CsBr; and many others. 

Iodides, Csl; CSI3; Csls- 

Double iodides, Hgl2-Csl; Pbla-Csl; Cdl2-3CsI; 

2ASI3 • 3CSI •,Col2 • 2CsI •,Znl2 • 3CsI ;Tel4 • 2CsI; TII3 • Csl; 
and many others. 

Mixed halides, HgCSjClgBrj; HgCsjCl^Brji HgCsClBr^; 
HgsCsCIBrjo; HgCsaBr^Ij; HgCs^Br^I/, HgCsBrl,; 

HgCs,Cl,I,: PbCs,(ClBr),; PbCsCClBr)^; Pb.CsCClBr)^. 
Double fluorides, aCsF • ZrF^; CsF • ZrF^ + H^O; 2CsF • 3ZrF4 + 
2 H, 0 . 

lodates, CsIO,; 2CsI0g-l20j; 2CsI03-Ij05+2HI03. 

Nitride, CsN, (Jour. Amer. Chem. Soc. xx, 225). 

Nitrates, CsNO^; 3CSNO3•Co(N03)3 + H20. 

Sulphates, CSjSO^; CsHSO^; CSgS^O,; CSjO-SSO,. 

Alums, CsA 1 (So 32 +isHjO; Cs2SO^-Mnj(SOJj+24H,0; 

Cs3S0,-Ti20,-3S0, + 24 Hp. 

Fluosilicate, CSjSiFg. 
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Chromates, CSjCxO^; CSjCr^O,. 

Chloroplatinate, Cs2PtCl6. 

Cobaltic n.trite, CssCo^NOa'ie'.* typical. 

B. Characteristics. With few exceptions the csesium 
compounds are soluble in water. They closely resemble 
the potassium and rubidium compounds, being for the 
most part isomorphous with them. A comparison of the 
solubilities of the alums and also of the chloroplatinates 
of the three elements, at a temperature of i5°-i7°C., 
follows: 

loo parts of water will dissolve 
CsiVl(S04)2 +X2H2O, 0.62 parts; Cs2PtCl(j, 0.18 parts. 
RbAl(S04)2 + i2H20, 2.30 “ RbzPtCle, 0.20 “ 

KA1(S04)2 +I2H2O, 13.50 “ K2PtCl6, 2.17 “ 

Amon;j the important insoluble salts are the chloroplatinate 
(Cs2PtClo), the alum (CsAl(S04)2 + i2H20), the cobaltic 
nitrite (Cs3Co(N02l6, typical), and the double chlorides 
with tetravalent lead (PbCU-2CsCl), tetravalent tin 
(aCsCl-SnCUO.a-nd trivalent antimony (3CsCl-2SbCl3). The 
salts of caesium color the flame violet. The spectrum shows 
two sharply defined lines in the blue, designated on the scale 
as Cs« and Cs, 9 . 

Estimation of Csesium and Rubidium. Caesium and ru¬ 
bidium may be estimated in general by the methods applied 
to potassium. They are usually weighed as the normal sul¬ 
phates, after evaporation of suitable salts with sulphuric 
acid and ignition of the products; other methods, however, 
such as the chloroplatinate and chloride methods, are pos¬ 
sible. They may be weighed with a fair degree of accuracy 


Cs may be partly replaced by Na. 
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as the acid sulphates, after evaporation with an excess of 
sulphuric acid, and heating at 250^-270° C. until a constant 
weight is obtained (Browning, Amer. Jour. Sci. [4] xii, 301). 
They may also be estimated by precipitation with sodium 
cobaltic nitrite, decomposition of the cobaltic nitrites with, 
hydrochloric acid, and precipitation of the perchlorates by a. 
30% perchloric acid solution* (Montemartini, Gaz. chim. 
ital. XXXIII (ii), 189; Chem.Zentr. 1904 (i), 119). Rubidium 
may be estimated by means of the spectroscope by com¬ 
paring the intensity of the spectrum lines obtained from a. 
definite amount of solution of rubidium salt to be estimated 
with that of the lines obtained from a definite amount, 
of a solution of known strength (Gooch and Phinney, 
Amer. Jour. Sci. [3] xliv, 392). 

Separation of Csesium and Rubidium. These metals belong 
to the alkali group. From sodium and lithium they 
may be separated (i) by chloroplatinic acid, with which 
they form insoluble salts; and (2) by aluminum sulphate, 
with which they form difficultly soluble alums. From 
potassium they may be separated by the greater solubility 
of the potassium alum and chloroplatinate in water. 

Caesium and rubidium may be separated from- each 
other (i) by the difference in solubility of the chloroplati- 
nates;* (2) by the difference in solubility of the alums;t 
(3) by the formation of the more stable and less soluble 
tartrate of rubidium; and (4) by the solubility of caesium 
carbonate in absolute alcohol. Probably the most satis¬ 
factory methods, however, are those suggested by Wells; 
they depend upon the insolubility of the following salts:: 
caesium double chloride and iodide (CsClJ) (Amer. Jour. 
Sci. [3] XLiii, 17J), caesium-lead chloride (CsaPbCle) (ibid., 
[3] XLVi, 186), and caesium-antimony chloride (CssSb^Clg) 
(Amer. Chem. Jour, xxvi, 265). 


* Vid, also Gooch and Blake (Amer. Jour. Sci. [4] xuv, 381). 
t Vid, p. 12. 
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EXPERIMENTAL WORK ON CESIUM AND 
RUBIDIUM. 

Experiment i. Extraction of cesium and rubidium salts 
from lepidolite. Mix thoroughly in a lead or platinum 
flisli 100 grm. of finely ground lepidolite with an equal 
amount of powdered fluorspar. Add 50 cm.® of com¬ 
mon sulphuric acid and stir until the mass has the 
consistency of a thin paste. Set aside in a draught hood 
until the first evolution of fumes (SiF^ and HF) has nearly 
ceased. Heat on a plate or sand-bath at a temperature 
of 2oo°-3oo° C. until the ma;s is dry and hard. Pulverize 
and extract with hot water until the washings give no 
precipitate on the addition of ammonium hydroxide to 
a few drops. Evaporate the entire solution to about 
100 cm.“ and filter while hot to remove the calcium sul¬ 
phate. Set the clear filtrate aside to crystallize.* The 
crystals, consisting of a mixture of potassium, caesium, 
and rubidium alums, with some lithium salt, should be 
dissolved in about 100 cm.’ of distilled water, and allowed 
to recrystallize. This process of recrystallization should 
be repeated until the crystals give no test before the spec¬ 
troscope for either lithium or potassium. The amount of 
caesium and rubidium alums obtained will of course vary 
with the variety of lepidolite used. An average amount 
of the mixed alums 'of potassium, caesium, and rubidium 
from the first crystallization would be 10 grm. The pure 
caesium and rubidium alums finally obtained should be 
about 3 grm. (Robinson and Hutchins, Amer. Chem. Jour. 
VI, 74). Lithium may be extracted from the mother-liquor 
(vid. Experiment i, Lithium). 


*If this solution is evaporated to a small volume and saturated with 
NH4AI ($04)2 *121120 the crystallization of the Cs and Rb alums will be facilitated 
(Browning and Spencer). 
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Experiment 2. Preparation of ccesium and rubidmm 
sulphates Rb2S04). Dissolve in water a crystal 

of the caesium and rubidmm alums obtained from lepido- 
lite, add a few drops of ammonium hydroxide, and boil. 
Filter off the aluminum hydroxide and evaporate the 
filtrate to dryness. Ignite until the ammonium sulphate 
is removed, dissolve in a few drops of water, filter, and 
evaporate to dryness. Sulphates of caesium and mbidium 
will remain. 

Experiment 3. Preparation of the carbonates of ceesium 
and rubidium {C%CO ^; Rb^COg). Dissolve in water a crystal 
of caesium and mbidium alums obtained from lepidolite, 
add an excess of barium carbonate, and boil. Filter off 
the alumina, barium sulphate, and excess of barium 
carbonate. Pass a little carbon dioxide through the clear 
filtrate and boil to remove traces of barium salt. Filter. 
Carbonates of caesium and rubidium will remain in solution. 

Experiment 4. Formation of the double chloride of 
ccBsium and tetravalent lead (2CSCI -PbCl^). To a few 
cm.^ of a one per cent, solution of a caesium salt add a few 
drops of the reagent obtained by warming lead dioxide 
with hydrochloric acid and allowing the solution to stand 
until cool. Make a similar experiment, using a mbidium 
salt in place of the caesium salt. Note the absence of pre¬ 
cipitation in this case. 

Experiment 5. Precipitation of the double chloride of 
ccBsium and antimony (3CsCl*2SbCl3). To a few cm.® of 
a one per cent, solution of a caesium salt add some anti¬ 
mony trichloride in solution and evaporate to a small 
volume. The double chloride will be precipitated on cool¬ 
ing. Repeat the experiment, using a mbidium salt. Note 
the absence of precipitation in this case. 

Experiment 6. Precipitation of the double salt ccesium 
chloride and stannic chloride (2CsCl-SnCl4). Make an ex- 
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periment similar to Experiment 5, using stannic; chloride 
in the place of antimonious chloride. Note the separa¬ 
tion of the double chloride on cooling. Make a s imilar 
experiment, using a rubidium salt. 

Experiment 7. Precipitation of the chloroplatinates of 
caesium and rubidium (Cs^PtCloi Rb^PtClJ. To a few 
cm.’ of a solution of a caesium salt add a few drops of a 
solution of chloroplatinic acid. Make a similar experiment 
with a solution of a rubidium salt. 

Experiment 8. Precipitation of the cobaltic nitrites of 
caesium and rubidium. Tri' the action of a solution of sodi¬ 
um cobaltic nitrite upon separate solutions of caesium and 
rubidium salts. 

Experiment 9. Precipitation of the alums of caesium and 
rubidium. To a few drops of a concentrated solution of 
a caesium salt add about 5 cm.® of a saturated solution of 
ammonium alum. Note the precipitation of the caesium 
alum. Make a similar experiment with a rubidium salt. 

Experiment 10. Flame tests for caesium and rubidium.. 
Dip the end of a platinum wire into a solution of a caesium 
salt and test the action of the flame of a Bunsen burner 
upon it. Repeat, using a rubidium salt. 

Experiment ii. Spectroscopic tests for caesium and 
rubidium. Test solutions of caesium and rubidium salts 
before the spectroscope. Note the twin blue lines of the 
caesium spectrum and the twin violet lines of the rubidium. 

Experiment 12. Negative tests of caesium and rubidium. 
Note that hydrogen sulphide, ammonium sulphide, and 
ammonium carbonate give no precipitates with sMts of 
caesium and rubidium. 






CHAPTER II. 


BERYLLIUM, Be, 9.1. 

Discovery. In the year 1797, Vauquelin discovered beryl¬ 
lium or glucinum in the mineral beryl (Ann. de Chim. xxvi, 
155). After having removed the silica in the usual manner, 
he precipitated with carbonate of potassium, and treated the 
precipitate with a solution of caustic potash. The greater 
part of the precipitate dissolved, but the presence of some¬ 
thing other than alumina was shown by precipitation 
when the solution was boiled. The new precipitate, dis¬ 
solved in sulphuric acid, gave on evaporation irregular 
crystals having a sweetish taste and forming no alum with 
potassium sulphate. In his early articles Vauquelin refers 
to the oxide as “ la terre du B6ril,” which the German chem¬ 
ists translated, “ Berylerde.” The sweet taste suggested 
for the new element the name Glucinum, from yXvKvs, 


sweet. The name Beryllium, frcm the chief 
has been more generally used. 

soruce, beryl, 

Occurrence. 

Beryllium occurs in minerals as follows: 

Beryl, 

BejAljCSiOj),, contains ii-i5%BeO. 

Chrysoberyl, 

BeAl, 0 „ 

19-20% “ 

Bertrandite, 

Be,(Be-OH),SiA. “ 

40-43% “ 

Phenacite, 

Be,SiO„ 

44-46% “ 

Leucophanite, 

Na(BeF)Ca(Si03)„ “ 

10-12% “ 

Meliphanite, 

NaCa^Be^FSijOio 

10-14% “ 

Epididymite, 

HNaBeSi303, 

10-11% “ 

Euclase, 

Be(Al-OH)SiO„ 

17-18% “ 

Ilelvite or danalite, R5(RjS) (SiOJj, ‘ ‘ 

13-14% “ 
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GadoUnite, 

FcBe2Y2Si20io, contains c;-ii%BeO 

Trimerite, 

Be(Mn,Ca,Fe)Si04, 

(C 

16-17% 

tl 

Cyrtolite, 

complex silicate. 

<( 

14-15% 

it 

Alvite, 

it (C 

iC 

circa 14% 

tt 

Allanite, 

t( ft 

€C 

0-3% 

tt 

Muromonite, 

iC u 

tt 

5-6% 

it 

Erdmanite, 

(( ti 

(t 

0-4% 

tt 

Foresite, 

(C (C 

it 

0-1% 

it 

Arrhenite, 

complex silico-tantalate, 

it 

circa 1% 

it 

Beryllionite, 

NaBeP04, 

It 

19-20% 

it 

Her derite. 

Ca(Be(0H,F))P04, 

it 

15-16% 

tt 

Hambcrgite, 

Bc(Be0n)B03, 

tt 

53-54% 

tt 

Sipylite, 

ErNb04. 

ti 

circa .6% 

tt 

Tengerite, 

complex carbonate, 

t< 

9-10% 

tt 


Beryllium is found also in traces in some monazite 
sands and aluminous schists, and in some mineral waters. 

Extraction. Beiydlium is generally extracted from beryl 
by one of the following methods: 

(1) The mineral is fused with sodium or potassium 
hydroxide {vid. ISxperiment i). 

(2) The finely ground mineral is fused with three times 
its weight of potassium fluoride. The fused mass is treated 
with strong sulphuric acid and warmed; by this process 
the silica is removed as silicon fluoride, and the alumina 
and potash are united to form the alum, which may be 
crystallized out on evaporation. The beryllium remains 
in solution as the sulphate, and may be removed by the 
treatment described in Experiment 1. 

(3) The mineral is fused with calcium fluoride. This 
process is in general the same as the one indicated in the 
second method, except that calcium sulphate is formed 
and must be removed (Lebeau, Chem. News lxxiii, 3). 

(4) The mineral is decomposed by fusion (a) with 
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soditiiii and potassium carbonates, or (6) with acid 
potassium sulphate. 

The Element.* A, Preparation. Elementary beryllium 
may be obtained (i) by bringing together the vapor of 
the chloride and sodium in a current of hydrogen (De¬ 
bray, Ann. Chim. Phys. (1855) xliv , 5); (2) by fusing the 
chloride with potassium (Wohler, Pogg. Annal. xiii, 577); 
{3) by heating the chloride in a closed iron crucible with 
sodium (Nilson and Pettersson, Ber. Dtsch. chem. Ges. xi, 
381,906); (4) by electrolyzing the double fluoride of beryllium 
and sodium or potassium (Lebeau); (5) by heating the 
chloride in a bomb with sodium (Hunter). 

B. Properties. The element beryllium is dark steel-gray 
in color. At ordinary temperatures unchanged in air and 
in oxygen, it bums brightly to the oxide when heated in 
either. It does not decompose hot or cold water. When 
heated it combines readily with fluorine, chlorine, bromine 
and iodine. It is soluble in dilute and in concentrated acids; 
also in potassium hydroxide with the liberation of hydrogen. 
Determinations of its specific gravity range from 1.75 to 
1.85. 

Alloys of beryllium with many of the common metals 
are kno’vm, as are also alloys with chromium, molybdenum 
and tungsten (Lebeau). An alloy of copper and beryllium 
containing from .5% to 1.3% beryllium is very sonorous. 

Compounds. A. Typical forms. The following are 
typical compounds of beryllium: 

Fluorides^ BeP2; BeP2.2NaP; BeP2.2KP; BeP2.2NH4P. 
Chlorides, BeCL; BeCL.AuCla; BeCl2.FeCl3.H2O; BeCl2. 

CrCl 3 .H 20 ; 3BeCl2.Tl2Cl6; BeCl2.2ICl3.8H2O; BeCla. 

PtCl2.5H20; BeCl2.PtCl4.8H2O; BeCl2.PdCl2.6H2O; 

BeCl2.PdCl4.8H2O. 

Bromide, BeBr2. 

. Iodide, Bel2. 


♦ VH. also Fichter and Jablczynski, Ber. dtsch. chem. Ges. XLvi, 1604. 
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Hydroxide, Be(OH)2. 

Oxide, BeO. 

Sulphide, BeS. 

Cyanides, BePt(CN)4.4H20; BeMg2Pt3(CN)i2; BePtBra 
(CN) 4 . 

Carbides, BeaC; 3Be2C.B6C. 

Nitride, BesNa. 

Sulphates, BeS04; BeS04.2H20; BeS04.4H20; BeS04. 

.K2SO4.2H2O; BeSO4.K2SO4.KHSO4.4H2O; 3BeS04. 
2Na2S04.i2H20: BeS04.(NH4)2S04.2H20. 

Sulphites, BeSOa.HaO; BeS03.2H20; 2BeSO3.K2SO3.9H2O; 

2BeS03.(NH4)2S03.4H20. 

Selenate, BeSe04.4H20. 

Selenites, BeSeOs.HaO; BeSe03.2H20. 

Nitrate, Be(N03)2.4H20. 

Phosphates, BeHP04.3H20; BeKP04; BeNaP04; BeNaj 
(NH 4 ) 2 (P 04 ) 2 . 

Antimonate, Be(Sb03)2.6H20. 

Carbonate, 2;BeC03.3/Be(0H)2. 

Silicates, BeSi03; BeaAlaCSiOa)^ 

Aluminate, Be(A102)2. 

Methyl, Be(CH3)2. 

Ethyl, Be(C2H5)2. 

Propyl, Be(C3H7)2. 

Acetates, Be(C2H302)2; Be40(C2H302)6- 
'Acetylacetonate, Be(C5H702)2. 

Oxalates, BeC204.3H20; BeC204.K2C204; etc. 

Tartrates, BeC4H406.3H20; KBeC4H306; K2Be4C8H40i8. 

7 H 2 O; Na2Be4C8H40i3.ioH20. 
and many salts of organic acids; e. g., succinates, racemates, 
malates, formates, propionates, butyrates, trichloracetate 
(Parsons and Sargent, Jour. Amex^ Ckem. Soc. xxxi, 
1202). 

B. Characteristics. The compounds of beryllium closely 
resemble those of aluminum. The oxide is white; it is 
insoluble in water and tmaflfected by it. The hydroxide is 
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soluble in concentrated solutions of its own salts and is 
precipitated from them hy dilution. It is also soluble in 
the alkali hydroxides and bicarbonates, and in dilute acids. 
The halides are very readily hydrolyzed by water, the hy* 
drolysis in the case of the chlorides, bromides, and iodides 
being practically complete. Normal salts of the non-volatile 
acids only can be crystallized from water; of these the 
sulphate, oxalate, and selenate are examples. The nitrate 
can be prepared only by crystallization from strong nitric acid. 

The double alkali tartrates are of peculiar interest, both 
on account of the fact that beryllium appears to replace 
not only the positive hydrogen of the acid but also in part 
the hydrogen of the tartrate ion, and also because the pres¬ 
ence of beryllium in the salt increases the molecular rotation. 
This influence upon the molecular rotation is shown to an 
even greater degree in the case of the malates (Rosenheim 
and Itsig). Another interesting compound is the basic 
acetate, which, although almost insoluble in water, becomes 
soluble after hydrolysis by hot or cold water. It is soluble 
without decomposition in glacial acetic acid, methyl, ethyl, 
and amyl alcohols, chloroform, turpentine, ether acetone, car¬ 
bon disulphide, and some other organic solvents. It is un¬ 
affected by dry air, melts at 283°-284° C., boils at 33o°-33i° 
C., and may be sublimed. It was used by Parsons in deter¬ 
mining the atomic weight of beryllium. It is best prepared 
by the action of glacial acetic acid upon the dry carbonate 
or hydroxide. The chloride, nitrate and sulphate are the 
common soluble salts, and the nitrate and chloride are 
soluble in alcohol. 

The arc spectrum of beryllium is chaiactmzed by lines 
in the blue and indigo. 

Estimation. Beryllium is ordinarily estimated as the 
oxide, (BeO), which is obtained by the ignition of the 
precipitated hydroxide. 

Separation. Beryllium closely resembles aluminum in 
many reactions. It may be separated from aluminum (i) 
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by the action of a saturated solution of acid sodium carbonate 
upon the hydroxides of iron, aluminum and beryllium, ber3(l- 
lium hydroxide being dissolved (Parsons and Barnes), (2) 

by saturation of a solution of the two chlorides with hydro¬ 
chloric acid gas in the presence of ether, the beryllium re¬ 
maining in solution, while the aluminum chloride is precipi¬ 
tated (Gooch and Havens, Amer. Jour. Sci. [4] n, 416); 
(3) by the action of hot glacial acetic acid upon the acetates, 
basic beryllium acetate separating out on cooling (Parsons 
and Robinson); (4) by dehydration of the nitrates with 
amyl alcohol, the beryllium nitrate dissolving (Browning 
and Kuzirian); (s) by heating the acetates, the beryllium 
acetate subliming (Kling and Gelin, Bull. Soc. Chim. [4I 
XV, 205;) (6) by the action of acetyl chloride in acetone on 
the chlorides (Mianig, Amer. Jour. Sci. XL, 482). 


EXPERIMENTAL WORK ON BERYLLIUM. 

Experiment i. Extraction of beryllium salts from beryl 
(Be3Al2Si60i8) - Fuse in a nickel or iron crucible 10 grm. of 
finely powdered mineral with 10 grm. of potassium hydrox¬ 
ide, and cool. Pulverize the fused mass, add water enough to 
cover it, and strong sulphuric acid in slight excess. Heat 
the gelatinous mass until fumes of sulphuric acid are given 
off and the residue has the appearance of a fine white 
powder. Extract thoroughly with hot water, discarding the 
insoluble material. Evaporate until the alums begin to 
crystallize from the solution, and allow to stand, when the 
greater part of the aluminum will separate as the alum. 
Treat the mother liquor from the alum with nitric acid, to 
convert all iron present to the ferric condition, neutralize 
wuth ammonium hydroxide, and add sodium acid carbonate 
in crystals to saturation, warming gently (50° C.), with fre¬ 
quent sturing for about an hour; or, if the quantity of hy- 
droxkie is small, bring rapidly to boiling and boil for one 
minute only. Filter, add a little ammonium sulphide to 
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remove any iron in solution, filter, and dilute with about 
five or ten volumes of water. Pass steam through the 
liquid, or boil if the amount of beryllium is small, to pre¬ 
cipitate the basic carbonate of beryllium (Parsons). 

Experiment 2. Precipitation of herylUum hydroxide 
(Be(OH) 2). (a) To a solution of a beryllium salt add am¬ 

monium hydroxide, and note the insolubility of the precipi¬ 
tate in excess of that reagent. 

(&) To another portion of the beryllium solution add 
a solution of potassium or sodium hydroxide, and note 
the solvent action of an excess. 

(r) Dilute with water a portion of the alkaline solution 
obtained in (6) and boil. Note the reprecipitation of the 
hydroxide. 

{d) To another portion of the alkaline solution obtained 
in (6) add ammonium chloride, and boil. 

(e) To a solution of a beryllium salt add ammonium 
sulphide. 

Experiment 3. Precipitation- of basic beryllium carbonate 
(rrBeC03.yBe(0H)2). {a) To a solution of a beryllium salt 

add sodium or potassium carbonate in solution. Note the 
solvent action of an excess and the reprecipitation on boil- 
ing. 

(6) Make a similar experiment, using ammonium car¬ 
bonate. Note solubility in excess. 

Experiment 4. Precipitation of beryllium phosphate 
(Be3(P04)2). To a solution of a beryllium salt add a solution 
of sodium phosphate. 

Experiment 5. Preparation of beryllium basic acetate 
(Be40(C2H302)«). Dissolve some beryllium hydroxide or 
carbonate in acetic acid and evaporate to dryness. Dis¬ 
solve the dry residue in excess of hot glacial acetic acid and 
allow the solution to cool. 

Experiment 6. Action of sodium acid carbonate and of 
ammord'im carbonate upon beryllium hydroxide, (a) To a 
small amount of washed beryllium hydroxide add 2-3 grm. 



24 


THE RARER ELEMENTS. 


of solid sodium acid carbonate and 20 cm.^ of water, and 
heat rapidly to boiling. Note the solubility of the hydroxide. 
Dilute to 200 cm .3 and boil. Note the precipitation of the 
hydroxide. 

(6) Try similarly the action of ammonium carbonate, 
and note the solubility of the hydroxide in that reagent. 

Experiment 7. Solubility of beryllium salts in amyl 
alcohol. To a few drops of a solution of beryllium chloride 
or nitrate add 5 cm.^ of amyl alcohol and bring to the boiling 
point of the alcohol. Note the solubility of the salts in 
the alcohol. 

Experiment 8. Negative tests of beryllium salts. Try 
the action of hydrogen sulphide and ammonium oxalate 
upon separate portions of a solution of a beryllium salt. 
Add sodium acetate to a solution of a beryllium salt and 
boil. Note the absence of precipitation in each case. 






CHAPTER IIL 


THE RADIO-ELEMENTS.* 

The property of matter known as radioactivity was dis- 
covered in 1896 by M. Henri Becquerel, who observed that 
the salts of uranium emitted a characteristic radiation 
which was capable of producing an effect on a photographic 
plate through several thicknesses of black paper wholly 
opaque to ordinary light. 

The radiation emitted by radioactive substances has 
been shown to be complex in character and to include three 
distinctive types known as the a, and y radiations. 

The a radiation consists of positively electrified atoms 
of helium moving with a velocity equal to about 1-15 
of the velocity of light. The a rays are completely stopped 
by thin layers of ordinary matter and are deflected by 
strong magnetic and electrostatic fields. 

The ^ radiation consists of negatively electrified par¬ 
ticles having a mass about one eighteen-hundredth that 
of a hydrogen atom and projected at a velocity which 
in some cases is as high as nine-tenths the velocity of 
light. The g rays have a greater power for penetrating 
matter than the a rays, but are more readily deflected 
than the latter by both magnetic and electrostatic fields. 

The y radiation is believed to consist of ether pulses 
travelling with the velocity of light, and analogous in many 


* This chapter was contributed by Bertram B. Boltwood, Ph.D,, of Yale Uni¬ 
versity. 
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respects to the Roentgen or X radiation. The j rays have 
a high penetrative power and are not affected by either 
electrostatic or magnetic fields. 

All three types of radiation are capable of producing 
charged carriers of electricity, known as ions, in the gases 
which they traverse, and in this manner render the gases 
conductive to electricity. They also excite phosphores¬ 
cence in various chemical compounds and produce an effect 
on photographic plates. 

The chemical elements which exhibit the phenomena of 
radioactivity are termed radio-elements. In order to 
explain their behavior, a theory, known as the disintegration 
theory, was proposed in 1902 by Rutherford and Soddy 
and has now been generally accepted. In this theory it 
is assumed that the radio-elements represent unstable forms 
of matter the atoms of which are spontaneously undergoing 
changes which result in the production of new forms of 
matter having different physical and chemical properties. 
These changes are accompanied by the emission of energy 
usually appearing in the form of heat derived from the 
internal energy of the atoms in process of transformation. 
The disintegration of the radio-elements takes place accord¬ 
ing to a simple exponential law which is given by the 
expression N =Noe~’^, where Nq is the number of atoms 
of the element present at the start, N is the number remaining 
unchanged after any time t, e is the base of the natural 
system of logarithms and X is the constant of change of 
the given element. The constant of change is a definite 
and characteristic quantity for any particular radio-element 
and its value is tmaffected by any of the extremes of tem¬ 
perature and pressure to which it has been possible to subject 
radioactive substances. The constant of change represents 
the fraction of any given quantity of the radio-element 
which undergoes transformation in the unit of time. 

The disintegration of the radio-elements is wholly inde- 
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pendent of the chemical state or form of combination of the 
radio-elements, and proceeds at a constant rate which is the 
same in all compounds of the same element. As a necessary 
consequence of this fact the relative radioactivity of different 
chemical compounds of the same radio-element is directly 
proportional to the relative quantities of the element which 
they each contain. 

The instability of atomic structure may continue through 
a considerable number of successive changes until a fi n al 
stable form of matter is reached. A radio-element from 
which any other radio-element is formed is called the “.par¬ 
ent” of the latter and the element formed is known as 
the “product” of the parent from which it is produced. 

The known radio-elements can be divided into two 
general groups; the uranium series and the thorium series. 
The uranium series comprises uranium and twenty-three 
products of uranium, including ionium, radium, actinium, 
and polonium. The thorium series contains ten members 
in addition to thorium itself. The chemical behavior of 
the radio-elements, with the exception of uranium, radium, 
ionium, mesothorium, and thorium, has not been completely 
investigated, but there is every reason for believing that 
they all possess distinct and characteristic chemical prop¬ 
erties. 

THE RADIO-ELEMENTS AND THE PERIODIC 

TABLE. 

The study of radioactivity has led to the discovery and 
identification of no less than thirty-three new and hitherto 
unsuspected elementary forms of matter or radio-elements. 
When the existence of the greater number of these had been 
recognized it appeared at first sight to be quite impossible 
to find any places for them in the Periodic Table. A po¬ 
sition could be found for radium in Group II in the ninth 
horizontal row under barium, which corresponded satis- 
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factorily to its atomic weight and chemical properties, but 
there appeared to be an insufficient number of vacant spaces 
to accommodate the greater number of other radio-elements. 
This obstacle was overcome by the recognition of the fact 
that the position of the various elements in the Periodic 
Table was determined by the value known as the atomic 
number of each element rather than by its atomic weight 
as had previously been assumed. The atomic number of 
an element is dependent on the electrical structure of the 
atom and can be determined directly by suitable experi¬ 
mental methods. Since the position of an element in the 
Periodic Table is established by its atomic number, and 
since the value of the atomic ntunber is not directly depend¬ 
ent on the atomic weight, it is apparently possible for two 
elements to have different atomic weights and yet have 
identical atomic numbers, and therefore to occupy the same 
space in the Periodic Table. Further, since the chemical 
properties and probably also the spectra of the elements 
are dependent on the atomic numbers, it is possible for two 
different elements to have identical chemical properties and 
to show an identical spectrum. Such elements can be 
separately identified only by their different atomic weights 
or by means of some property which is independent of 
their chemical characteristics. The radioactive properties 
of the radio-elements offer such an independent means of 
identification. Radio-elements have been foimd which are 
absolutely inseparable chemically from other well-known 
inactive dements and many cases are recognized of radio- 
dements which are inseparable from other radio-elements. 
Elements which show this identi^ with other elements are 
called isotopes and their properties are said to be isotopic. 

Through the application of the theory of isotopes and 
the calculation or determination of the atomic numbers of 
the radio-elements it has been possible to assign suitable 
positions to them in the last two rows of the Periodic Table. 
As a mattw of fact the existence of the radio-dements has 
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led to an extension of our knowledge and a better under¬ 
standing of the significance of the periodic sequence of the 
elements. 


TIRANIUM, U, 238.5. 

The general properties of uranium will be discussed in 
Chapter VIII. It is one of the most slowly changing of the 
radio-elements, its rate of disintegration corresponding to 
the transformation in one year of about one eight-billionth of 
the total amount of uranium present. The time required 
for exactly one-half of any given quantity of uranium to dis¬ 
integrate completely into other forms of matter is about five 
billion years^. Ordinary uranium is supposed to consist of a 
mixture of two isotopic elements, uranium i with an atomic 
weight of 238 and uranium 2 with an atomic weight of 234. 
Uranium when completely freed from its disintegration 
products emits only a rays, but imless freshly prepared its 
compounds contain uranium X, which is the source of both 
a ^ and a t radiation. Uranium salts can be obtained free 
from uranium X by recrystallization, the uranium X re¬ 
maining in the mother liquor. 

Uranium X. Uranium X is the first disintegration prod¬ 
uct of uranium and is gradually formed in uranium salts 
on standing. The amount which accumulates reaches a 
fnaximum after about 150 days, when a state of radioactive 
equilibrium is reached and the amount of uranium X which 
is produced in any subsequent time is exactly equal to the 
amount which disintegrates in the same period. Uranium 
X was first discovered by Crookes in 1900. It emits p and 
;• rays, and in 24 days on%half of any given quantity of it 
is transformed into other substances. It can be obtained 
free from uranium by treating pure uranium nitrate, dried 
at 118°, with ordinary ether. The uranium nitrate is dis¬ 
solved by the ether, leaving a slight residue which contains 
the greater part of the uranium X. Uranium X is isotopic 
with thorium and when freshly prepared consists of a mix- 

, 3 
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ture of two isotopic elements, uranitom Xi, and uranium 
X2. 


IONIUM, lo. 

Ionium is a radio-element intermediate between ura¬ 
nium, of which it is a product, and radium, of which it is the 
parent. It was discovered by Boltwood in 1907. It has 
not been obtained pure in sufficient quantity to permit a 
determination of its atomic weight or of its spectrum, but 
atomic weight determinations on mixtures of ionium with 
thorium give good agreement with the theoretical assump¬ 
tion that its atomic weight is about 230. From uranium 
minerals containing thorium the ionium is separated with 
the thorium, with which it is isotopic. The constant of 
change of ionium has not yet been determined, but its rate 
of transformation is very possibly as slow as that of radium. 


RADIUM, Ra, 226.5. 

Discovery. Radium was discovered in 1898 by P. and 
S. Curie and G. Bemont. In the course of an investigation 
of the relative radioactivity of certain uranium salts and 
uranium minerals it was noted by Mme. Curie that although 
the activity of the uranium salts was quite closety pro¬ 
portional to the amounts of uranium contained in them, the 
activity of the uranium minerals was much greater than was 
to be expected from the uranium which they contained. 
This suggested that there might be present in the minerals 
some other more strongly radioactive constituent, and a 
further investigation led to the isolation of a highly radio¬ 
active substance resembling barium in its chemical proper¬ 
ties. 

Occurrence. Radium has been found widely distributed 
in minute proportions in many rocks and minerals, in sea 
water and in the waters of certain mineral springs. The 
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chief source of radiura has been the minerals containing a 
higher proportion of uranium, principally carnotite, and 
the present supply has been largely obtained from the 
carnotite ores of southwestern Colorado. One of the early 
sources of supply was the insoluble residues remaining after 
the treatment of pitchblende for the commercial extraction 
of uranium. 

Extraction., Prom pitchblende residues. These consist 
chiefly of the sulphates of lead and calcium, together with 
the oxides of silicon, aluminum and iron. They also contain 
greater or less quantities of nearly all the metals (copper, 
bismuth, zinc, cobalt, manganese, nickel, vanadium, anti¬ 
mony, thallium, the rare earths, niobium, tantalum, arsenic, 
barium, etc.). They are first treated with boiling, concen¬ 
trated sodium hydroxide solution, washed with water, and 
digested with hydrochloric acid. Much of the material is 
removed in this operation, the radium remaining in the un¬ 
dissolved portion. After further washing, the residue is 
boiled with a concentrated sodium carbonate solution which 
converts the alkali-earths into carbonates. The residue is 
again washed to remove all traces of sulphates, and is then 
treated with hydrochloric acid, which dissolves the barium 
and radium together with certain of the other constituents. 
The solution of the chlorides is further purified until a salt 
containing only barium and radium is obtained. The mixed 
chlorides of barium and radium are subjected to a long 
series of fractional recrystallizations, the radium being con¬ 
centrated in the least soluble portion of the fractions. In 
this manner a pure chloride of radium is ultimately obtained. 
The concentration of the radium proceeds more rapidly if 
the recrystallization is conducted with the double bromide. 

From carnotite. The ore is decomposed by nitric acid, 
and barium chloride is added to the solution in the pro¬ 
portion of two pounds of barium chloride to one ton of ore. 
The radium barium sulphate is then precipitated by sul¬ 
phuric acid and the sulphate is reduced with carbon to the 
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sulphide. The sulphide is dissolved in hydrochloric acid 
and the radium barium chloride is subjected to fractional 
crystallization (Parsons, Moore, Lind and Schaefer, 
Bureau of Mines, Bull. 104, page 30 (1915)). 

The Element. By the electrolysis of a solution of 
radium chloride with a mercury cathode, S. Curie and 
Debieme in 1910 obtained radium amalgam which on 
distillation in hydrogen left a residue of metallic radium. 
It is a white metal melting at about 700°. It alters rapidly 
in the air with the formation of nitride and decomposes 
water with the formation of the hydroxide. 

Compounds. A. Typical forms. The following com¬ 
pounds of radium have been described: 

Hydroxide, Ra(0H)2. Chloride, RaCl2: RaCl2.2H20. 

Carbonate, RaCOa. Bromide, RaBr2: RaBr2.2H20. 

Nitrate, Ra(N03)2. 

B. Characteristics. The exceeding rarity of the com¬ 
pounds of radium has rendered impossible any extensive 
study of their chemical characteristics. Their behavior, 
how'ever, is very similar to that of the barium compounds. 
The chloride is described as a grayish-white powder, less 
soluble in water and in dilute hydrochloric acid than is 
the chloride of barium. The bromide gives off bromine in 
the air, and becomes alkaline because of the formation of 
the hydroxide. The hydroxide absorbs carbon dioxide and 
becomes the carbonate, which is insoluble. Salts of radium 
color the flame carmine. 

Certain physiological effects of radium compounds are 
of interest. By exposure to radium rays the skin is burned, 
bacteria are destroyed or hindered in development, plants 
lose their chlorophyll, and seeds their power of germination. 

Radium is a disintegration product of uranium, and is 
formed directly from ionium. It is found in all uranium 
minerals, and in the older minerals the amount present 
is directly proportional to the amount of uranitim in the 
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mineral, one part of radium being associated with approx¬ 
imately three million parts of uranium. Radium salts have 
been found to emit heat at a rate corresponding to about 
132 gram calories per hour per gram of radium, and are 
thus able to maintain their temperature considerably above 
that of their surroundings. 

Pure radium, free from its disintegration products, gives 
out only a rays, but owing to the presence of these products, 
ordinary radium salts emit all three types of radiation. The 
rate of disintegration of radium corresponds to the trans¬ 
formation of about forty-one one-hundred thousandths of 
its mass per year, and the time required for exactly half of 
any given quantity to completely disintegrate into other 
elements is about 1670 years. One of the non-radioactive 
products of the disintegration of radium is the rare gas 
helium, which is formed from the expelled a particles, 
and the final, stable form of matter ultimately attained after 
the series of radioactive changes is an isotope of ordinary 
lead known as uranio-lead, having an atomic weight of about 
206. 

Radium Products. Seven successive radioactive dis¬ 
integration products of radium have been identified. The 
first product formed is a gaseous element known as the 
emanation, which is incapable of entering into chemical 
combination, and in this respect is similar to argon and 
helium. It disintegrates rather rapidly, forming solid 
active products which are deposited on the walls of a vessel 
containing the emanation, or on the surface of any object 
with which it is in contact, in this manner giving rise to the 
phenomenon known as induced or '' excited ” activity. 
The emanation is condensed at the temperature of liquid 
air and is converted into a gas again on warming. The ema¬ 
nation has been found to give a characteristic bright-line 
spectrum, and its density has been shown to correspond to 
an atomic weight of about 222. 

The products of radium emanation, taken in their order 
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of production, are known as radium A, B, C, Ci, C2, D, E 
and F. Radium D is commonly called “ radio-lead,” from 
the fact that it is separated with the lead from uranium 
minerals and is an isotope of lead. Radium P is better 
known as polonium. It was the first of the strongly radio¬ 
active substances to be identified, and was discovered in 
1898 by P. and S. Curie. It emits only a rays and is half 
transformed in a period of 136 days. It has not been 
obtained pure in sufficient quantity to make a determina¬ 
tion of its spectrum or atomic weight possible. It is sepa¬ 
rated with the bismuth from uranium minerals and exhibits, 
a chemical behavior similar to that of both bismuth and 
tellurium. Radium A and Ci are isotopic with polonium. 
Radium B with lead. Radium C and E with bismuth, and 
Radium C2 with thallium. 


ACTINIUM, Ac. 

The radio-element known as actinium was separated from 
uranium minerals by Debieme in 1899. It has not yet been 
possible to determine either its spectrum or its atomic 
weight. Its rate of transformation is also unknowm, but it 
is probably very slow, since actinium preparations retain 
their activity unimpaired for considerable periods. Actin¬ 
ium is apparently a disintegration product of uranium 
and occurs in exceedingly small proportions in all uranium 
minerals. It is separated with the rare earths and is finally 
obtained associated with the lanthanum. 

Actinium Products. Seven successive radioactive prod¬ 
ucts of the disintegration of actinium have been identified. 
These taken in their order are radioactinium, actinium X, 

act in ium emanation, actinium A, B, C and D. Actinium A 

- 

is isotopic with polonium, actinium B with lead, actinium C 
with bismuth and actinium D with thallium. Actinium 
emanation is a gas, apparently inert like the radium emana¬ 
tion. and similarly condensed at the temperature of liquid air. 
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THORIUM, Th. 232.4. 

The radioactivity of thorium was independently dis¬ 
covered by C. G. Schmidt and Mme. Curie in 1898. The rate 
of transformation of thorium has not yet been definitely 
determined, but it is undoubtedly slower even than that 
of uranium. According to Hahn the disint'^gration of 
thorium is accompanied by the expulsion of a particles, but 
ordinary thorium salts containing disintegration products, 
of thorium emit all three types of radiation. 

Thorium Products. Ten successive radioactive disin¬ 
tegration products of thorium have been identified. These 
taken in the order of their production are known as meso- 
thorium I, mesothorium 2, radiothorium, thorium X, eman¬ 
ation, thorium A, thorium B, thorium C, thorium C2 and 
thorium D. Mesothorium i and thorium X have chemical 
properties similar to radium and are isotopic with this 
element, while radio-thorium and thorirun are isotopes. The 
thorium emanation, like the other emanations, exhibits the 
characteristics of an inert gas of the argon family, and is 
condensed at the temperature of liquid air. Of the other 
thorium products mesothorium 2 is an isotope of actinium, 
thorium A of polonium, thorium B of lead, thorium C of 
bismuth, thorium C2 of polonium and thorium D of thal¬ 
lium. 

References: Radioactive Substances and their Radiations, by E. Rutherford, 
Cambridge Univ. Press, 1913; The Chemistry of the Radio-Elements, by F. Soddy,. 
Longmans, Green and Co., (second edition) 1915. 
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TABLE OF RADIO-ELEMENTS. 

Showing the Type of Radiation Emitted by each Element, its Constant 
OF Change, and the Time REQxnRED for One-half of any given 
Quantity to Disintegrate into other Forms of Matter. 


Name. 

Radiation 

Disintegration Con- 

Half-value 

emitted. 

stant. 

Period. 

Uranium i. 

a 

1.3X10” ®(year)“^ 

5.3X10° years 

Uranium Xi. 

(3 

2.8X10” ^ (dav) ~ 1 

24 days 

Uranium X2. 

^7 7 

i.oXio” ^ (sec.) 

1.14 min. 

Uranium 2 . 

a. 

? 

2X10® years ? 

Ionium. 

CL 

? 

p 

Radium. 

a 

4.1 X10” ^ (year) ” ^ 

1670 years 

Radium emanation.... 

a 

1.8 X10” ^ (day) 

3.8 days 

Radium A. 

a 

3.8X10"® (sec.) 

3 minutes 

Radium B. 


4.4X10”'* (sec.) 

26 minutes 

Radium C. 

a, j 3 , 7 

5.9X10”'* (sec.) 

19 minutes 

Radium Ci. 

a 

? 

very short 
indeed 

Radium C2. 

/3 

1.3 X10” ® (sec.) ” ^ 

1.3 minutes 

Radium D... 


4.2X10”® (year) 

16 years 

Radium E. 


1.4X10” * (day) ” * 

5 days 

Radium F.. 

O' 

5.1X10”® (day) 

136 days 

Actinium.. 

no rays 

? 

? 

Radioactinium. 

a 

3.5X10 2 (clay)-1 

19.5 days 

Actinium X.. 

a 

6.1 X10 2(ciay)"i 

II days 

Actinium emanation... 

a 

1.8X10”^ (sec.)" ^ 

3.9 seconds 

Actinium A. 

a 

0.002 second 

Actinium B . 


3.2X10(sec.) " * 

36 minutes 

Actinium C. 

• O' 

5.3X10”® (sec.)" ^ 

2.1 minutes 

Actinium D. 

0 , 7 

1.5 X10 ®(sec.)“^ 

4.6 minutes 

Thorium. 

a 

? 

i.8Xio*° years 

Mesothorium i. 


1.2X10 ^ (year)”*- 

5.5 years 

Mesothorium 2. 

A 7 

3.1 X10” ® (sec.) 

6.2 hours 

Radiothorium. 

a 

9.4X10” '* (day) 

737 days 

Thorium X. 

ot 

2.2X10 ® (sec.) * 

3.6 days 

Thorium emanation.. .. 

a 

1.3 X10” 2 (sec.) 

54 seconds 

Thorium A. 

a 

' 5.0 (sec.)”i 

0.14 second 

Thorium B. 


1.8 X10 ® (sec.) ^ 

10.6 hours 

Thorium C... 

|3 

1,9X10”^ (sec.)”^ 

60 minutes 

Ihorium Ci... 

. . a 

? 

exceedingly 

short 

Thorium D. 


3.8X10“"® (sec.)”^ 

3.1 minutes 




































CHAPTER IV. 


THE RARE EARTHS.* 

The rare earth elements may conveniently be classified 
as follows: 

I. The Yttrium Group, consisting of 

• I. Yttrium. 5. Dysprosium. 

2. Erbium. 6. Ytterbium. 

3. Holmium. 7. Lutecium. 

4. Thulium. 8. Celtium. 

II. The Terbium Group, consisting of 

I. Terbium.! 2. Gadolinium.! 

3. Europium.! 

III. The Cerium Group, consisting of 

1. Cerium. 4. Praseodymium. 

2. Lanthanum. 5. Samarium. 

3. Neodymium. *6. Scandium. § 

IV. ‘Thorium. 

V.. Zirconium. 

The rare earths occur so closely associated that it will be 
advantageous to consider their occurrence and their separa¬ 
tion before taking them up separately. 

Occurrence.! I—Mineral sources of the rare earths are as 
follows; __ 

* The term earth is applied to certain metallic oxides which were formerly 
regarded as elementary bodies, as Y20a, ErjOa, LajOs, and names ending in a 
are often used in designating them, as yttria, erbia, etc. The ending um desighates 
the element, as yttrium, erbium, lanthanum, 
t Placed by some in yttrium group, 
j Placed by some in cerium group. 

§ According to Urbain this element should hardly .be classed among the rare 
earths (Chem. News xc, 319). 

II See also Schilling, Das Vorkommen der seltenen Erden, R. Oldenbourg, 
Munchen, 1904. 
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Ochroite, vid. Cerite 
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* See note, page 42, f Contains more than 1% of SC2O3 . See note, page 42, 
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Separation. The methods of separation here enumer¬ 
ated without reference to original sources are described in 
full in Bohm’s “ Darstellung der seltenen Erden,” volume i, 
pages io8 to 490. 

(1) Ignition of the nitrates, carbonates, or oxalates, and 

treatment of the product with ammonium nitrate,, 
ammonium chloride, or dilute acid. 

(2) Treatment of suspended hydroxides with chlorine. 

(3) Oxidation with potassium permanganate. 

(4) Treatment with peroxides, as PbOa, etc. 

(5) Oxidation with hydrogen dioxide or sodium dioxide. 

(6) Treatment with persulphates. 

(7) Treatment with the electric current. {Vid. also (33).) 

(8) Formation of basic nitrates. 

(а) By treating the nitrates with oxides. 

(б) By treating the neutral nitrates with hot water. 

(9) Formation of basic chlorides. 

(а) By treating the chlorides with water. 

(б) By treating the chlorides with magnesium oxide 

or copijer oxide. 

(10) Formation of basic sulphates by the action of water. 

(11) Fractional precipitation with ammonium hydroxide. 

(12) Fractional precipitation with sodium or potassium 

hydroxide. 

(13) Partial precipitation wnth anilin. 

(14) Precipitation by alkali hyponitrides. 

(15) Precipitation by sulphurous acid and sulphites. 

(16) Precipitation by sodium thiosulphate. 

(17) Precipitation by carbonates. 

(18) Precipitation as chromates.* 

(19) Precipitation by formates. 

(20) Precipitation by acetates. 

(21) Action of dilute acid upon the oxalates. 

(22) Precipitation as the sul phates. _ 

* Vid. James, Jour. Amer. Chem. Soc. xxxvi, 638,1418; also Egan and Balke, 

ibid. XXXV, 376. 
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(23) Fractional crystallization of the nitrates. 

(24) Action of alcohol upon the nitrates. 

(25) Action of (o) acetylacetone, (b) ethylsulphate, (c) salts 

of sulphanUic acid. 

(26) Fractional crystallization of the double salts: 

(а) Double sulphates with alkali sulphates. 

(б) Double nitrates with ammonium nitrate. 

(c) Double nitrates with magnesium nitrate. 

(d) Double nitrates with bismuth nitrate. 

(e) Double fluorides with alkali and magnesium fluo¬ 

rides. 

(27) Action of (a) neutral or acid potassium oxalate; (b) 

ammonium oxalate. 

(28) Fractional crystallization of the bromates (James, 

Jour. Amer. Chem. Soc. xxx, 182). 

(29) Fractional precipitation of the succinates (Lenher, 

Jour. Amer. Chem. Soc. xxx, 572). 

(30) Action of ammonium carbonate upon the oxalates 

Qames, Jour. Amer. Chem. Soc. xxix, 495). 

(31) Fractional precipitation by potassium stearate (Stod- 

dart and Hill, Jour. Amer. Chem. Soc. xxxiii, 1076). 

(32) Fractional crystallization of the picrates (Dennis and 

Bennett, Jour. Amer. Chem. Soc. xxxiv, 7; Dennis 
and Rhodes, ibid, xxxvii, 807). 

(33) Fractional electrolysis of the nitrates and the chlorides 

(Dennis, Lemon, van der Meulen and Ray, Jour. 
Amer. Chem. Soc. xxxvii, 131, 1963; xl, 174.) 

(34) Fractional precipitation of the nitrites (James and 

Holden, Jour. Amer. Chem. Soc. xxxvi, 1418). 

(35) Fractional solution of the hydroxides by bromine 

(Browning, Compt. rend, clviii, 1679). 

(36) Fractional precipitation of the cobalticyanides (James 

and Bonardi, Jour. Amer. Chem. Soc. xxxvii, 2645). 

(37) Fractional crystallization of the dimethyl phosphates 

(Jordan and Hopkins, Jour. Amer. Chem. Soc. 
XXXIX, 2614). 




DIAGRAM SHOWING THE ORDER OF DISCOVERY OF THE RARE EARTHS. 

(Adapted with modiBcations and additions from Abegg’s Handbuch der Anorganischen Chemie and Roscoe’s Treatise on Chemistry.) 
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(38) Fractional precipitation of the glycolates (Jordan and 
Hopkins, ibid.). 

The separation of the rare earths cannot be made with 
quantitive accuracy. For working schemes, however, the 
student is referred to methods worked out by James (Jour. 
Amer. Chem. Soc. xxx, 979; and xxxiv, 757) and dia- 
grammatically shown on pp. 216-18. These are the only 
schemes of separation that have come to the notice of the 
author, and they are followed in this book where methods 
are described at all in detail. It may be added that Urbain 
(Jour. chim. phys. iv, 31) has arranged the rare earths ac¬ 
cording to their solubilities as follows: lanthanum, cerium, 
praseodymium, neodymium, samarium, europium, gado¬ 
linium, terbium, dysprosium, holmium, yttrium, erbium, 
thulium, ytterbium. 

Urbain has used the magnetic balance successfully as a 
means of identification and also as a test for purity in con¬ 
nection with processes of fractionation. The oxides are 
used in this process, and the coefficient of magnetization 
being XXio~®, the following values have been determined: 
Sc, -0.05; Y,-o.i4; La,-0.18; Nd, 33.5; Sm, 6.5; Eu, 
33.5; Gd, 161; Tr, 237; Dy, 290 (Compt. rend, cxlvii, 
i28’6; cl, 913; cLii, 141). 

L THE YTTRIUM GROUP. 

I. YTTRroM, Y, 88.7. 

Discovery. In the year 1794, Gadolin (Kongl. Vet. 
Acad. Handl. xv, 137; Crell Annal. (1796) 1,313) discovered 
a new earth in a mineral later called Gadolinite, which had 
been discovered by Arrhenius and described by Geyer in 1788 
(Crell Annal. (1788) 1,229). In 1797 Eckeberg confirmed 
Gadolin’s discovery and named the new earth Yttria (Kongl. 
Vet. Acad. Handl. xviii, 156; CreU Annal. (1799) ib 63), 
deriving the name from Ytterby, the source of the mineral. 

Occurrence. Yttrium occurs always in combination. Its 
chief sources are the minerals gadolinite and xenotime, and 
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monazite residues (vid. Occurrence of Rare Earths, page 

35)* 

Extraction. The following are comnaon methods for the 
extraction of yttrium salts from minerals: 

(1) From gadolinite {or any other silicate). The finely 
powdered mineral is mixed with common sulphuric acid until 
the mass has the consistency of thick paste. It is then 
heated until dry and hard, pulverized, and extracted with 
cold water. From this extraction the oxalates are precipi¬ 
tated by the addition of oxalic acid; they are then washed, 
dried, and heated at 400° C. The oxides thus obtained are 
dissolved in sulphuric acid, and the solution is saturated with 
potassium or sodium sulphate. The double sulphates of 
the cerium group are precipitated, and the members of the 
yttrium group remain in solution. 

(2) From gadolinite. The mineral is decomposed by 
aqua regia {vid. Exi:)eriment i). 

(3) From samarskite. The mineral is decomposed by 
hydrofluoric acid. The niobic and tantalic acids go into 
solution, and the yttrium earths, together with uranium 
oxide, remain (Lawrence Smith, Amer. Chem. Jour, v, 44). 

The Element. A. Preparation. Elementary "yttrium may 
be obtained (i) by heating the chloride with potassium 
(Berzelius) ; (2) by subjecting the melted double chloride of 
sodium and yttrium to electrolysis (Cleve, Bull. Soc. Chim. 
d. Paris [2] xvni, 193); (3) by heating the oxide with 
magnesium (Winkler, Ber. Dtsch. chem. Ges. xxiii, 787). 

B. Properties. Yttrium is a gra3dsh-black powder, which 
decomposes water only slightly at ordinary temperatures, 
but more rapidly on boiling, forming the oxide. Ignited on 
platinum in the air, it bums to the oxide with a brilliant light; 
in oxygen with a very intense glow. It is very soluble in 
dilute adds, including acetic, but is only slightly soluble in con¬ 
centrated sulphuric add. It decomposes potassium hydroxr 
ide at the boiling temperature. Its melting-point is 1490° C. 

Compounds. A. Typical forms. The following are typ¬ 
ical compounds of yttrium; 
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Oxide, YjOj. 

Hydroxide, Y(OH)5. 

Carbonates, Y2(C03)3 + 3H20; Y2(C03)3-Na2C03 + 4H30; 

Y3(C03)3-(NH,)3C03 + 2H30. 

Chlorides, YCI3; YCI3 + 6H3O; YCI3 •3HgCl3 + 9H20; 

YCI3 • sAuCl, + 16H3O; 2YC13- 3PtCl3+ 24H3O. 

Chlorate, Y(C103)3 + 8H3O. 

Perchlorate, Y(C10,)3 + 8H30. 

Bromides, YBr3; YBr3 + 9H30. 

Bromate, Y(BrOj)3 + 9HjO. 

Iodide, YI,. 

lodate, Y(I03)3 + 3H30. 

Periodate, Y^Oj ■ I3O7 + 8H3O. 

Fluoride, YP3 + 0.5H3O. 

Nitrates, YCNO,), + 6H3O; 2Y3O3 • 3N2O5 + 9H3O. 

Cyanides, YKFe(CN)e + 2H30; Y(SCN)3 + 6H30. 

Sulphates, Y3(S0,)3 + 8H30; Yj (SO,) 3-4X380,; 

Y3(S0,)3-Na2S04+2H30. 

Sulphite, Y, (SO,), -f 3 H3O. 

Seleniates, Y3(SeOj3 +8H2O; Y3(Se0,)3-K2Se0, + 6H30; 

Y3(Se0,)3-(NH,)3Se0, + 6H30. 

Selenites, YjCSeO,), +12H3O; Y3O3 • 4Se03 + 4H3O. 

Sulphide, YjS,. 

Oxalate, YjCCjOJg-fgHjO. 

Phosphates, YPO,; YCPO,),; YHP3O3 + 3.SH3O. 

Chromate, Y3(Cr0,)3-K3Cr0, + it:H3O. 

Tungstate, Y3(W0,)3-h6H30. 

Carbide, YC,. 

Organic compounds, vid. Platt and James, Jour. Amer. 
Chem. Soc. xxxiii, 1330. 

B. Characteristics. The compounds of yttrium have 
few characteristic reactions. They resemble quite closely 
the compounds of aluminum, but yttritun differs from 
aluminum in having a hydroxide insoluble in excess of 
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sodium or potassium hydroxide and in forming no alums. 
The salts of yttrium give no absorption spectra. Yttrium 
sulphate differs from the sulphate of cerium in forming 
no insoluble double sulphate with potassium or sodium 
sulphate. Most of the rare earth compounds except the 
sulphate, nitrate and halogen salts are insoluble. 

Estimation. Yttrium is generally weighed as the oxide, 
(YPj), which has been obtained by the ignition of the 
hydroxide or the oxalate {vid. James, Jour. Amer. Chem. 
Soc. XXXVI, 909). 

Separation. In the course of analysis the yttrium earths 
are precipitated with the aluminum group. They may be 
separated from aluminum by precipitation with oxalic acid 
or ammonium oxalate in faintly acid solution; in this re¬ 
action they resemble the other members of the rare-earth 
group (Ce, La, Pr, Nd, Th, Zr, etc.). They may be separated 
from these by saturating a solution of the sulphates with 
potassium sulphate; the yttrium earths do not form a double 
sulphate insoluble in potassium sulphate as do the others. 

For the separation of yttrium from the very rare mem¬ 
bers of its group Methods 8, 9(a), ii, 18, 21, 28, 34 and 36 
(page 43) have been used. James recommends the frac¬ 
tional crystallization of the bromates (28), and finds the 
yttrium, in the fraction between the holmium and the erbium. 
Taking the fractions free from holmium, he converts them 
into the neutral nitrates. These nitrates of yttrium and 
erbium are boiled with the addition of magnesium oxide 
’intil the liquid shows no absorption bands of erbium. 

EXPERIMENTAL WORK ON YTTRIUM. 

Experiment i. Extraction of yttrium salts from gado- 
linite (Be^PeYjSijOio). Warm 5 grm. of finely powdered 
mineral with aqua regia until.it is completely decomposed. 
Evaporate on a water-bath and desiccate to remove the 
silica. Extract with hot water and a little hydrochloric 
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acid, and add to the extract ammonium oxalate until 
precipitation ceases. Filter off the precipitate, which con¬ 
sists of the oxalates of the yttrium and cerium groups, to¬ 
gether with traces of the oxalates of manganese and cal¬ 
cium; dry and ignite. Dissolve in a small amount of 
hydrochloric acid the oxides thus obtained, and saturate 
the solution with potassium sulphate*; this precipitates 
the members of the cerium group as the double sulphates. 
Filter, and wash with a solution of potassium sulphate. 
From the filtrate precipitate the yttrium earths by an 
alkali hydroxide or oxalate. To remove the manganese 
and calcium, dissolve the precipitate in nitric acid, evapo¬ 
rate to dryness, and heat until the manganese salt is decom¬ 
posed. Extract with water, filter off the oxide of man¬ 
ganese, treat the filtrate with ammonium hydroxide, and 
stir thoroughly. The calcium hydroxide wui be dissolved, 
and the yttrium earths precipitated. 

Experiment 2. Precipitation of yttrium hydroxide 
(Y(OH)j). (a) To a solution of an yttrium salt add am¬ 

monium hydroxide. 

(6) Repeat the experiment, using sodium or potassium 
hydroxide. 

Note the insolubility in excess in each case. 

{c) Precipitate yttrium hydroxide by the action of 
ammonium sulphide. 

Experiment 3. Precipitation of yttrium carbonate 
(Yj(COj)j). (a) To a solution of an yttrium salt aJdd 
ammonium carbonate. 

(b) Repeat the experiment, using sodium or potassium 
carbonate. 

Note the solubility in the cold upon the addition of an 
excess of the alkali carbonates, and the reprecipitation 
<m boiling. 

(c) Try the action of the common acids upon yttrium 

carbonate^_ 

1 ^ sodium stdpliate Qames, Jour. Amer. Chem. Soc. xxxv, 559). 
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Experiment 4. Precipitation of yttrium oxalate 
To a solution of an yttrium salt add a solu¬ 
tion of either oxalic acid or an alkali oxalate. 

Experiment 5 - Precipitation of yttrium phosphates 
(Y2(HP0,)3; YPO,). To a solution of an yttrium salt 
add sodium phosphate in solution (Na^HPOJ. The pre¬ 
cipitate is said to be of the acid form Y^CHPOJj. The 
neutral phosphate (YPO J is formed by treating an yttrium 
salt in solution with an ammoniacal phosphate. 

Experiment 6. Precipitation of yttrium ferrocyanide 
(YKFeCCN)^). To a solution of an yttrium salt add potas¬ 
sium ferrocyanide. 

Experiment 7 - Precipitation of yttrium chromate 
(xY.^(CTOj3-yy2^)3)- To a solution of an yttrium salt add 
a solution of potassium chromate, and neutralize if necessary. 

Experiment 8. Precipitation oj yttrium fluoride (YF3). 
To a solution of an yttrium salt add potassium fluoride. 

Experiment 9. Negative tests of yttrium salts. Note 
that hydrogen sulphide gives no precipitate with yttrium 
salts, and that saturation of a solution of an yttrium salt 
with potassium or sodium sulphate gives no insoluble 
double salt. 

2. ERBIUM, Er, 167.7 5 - DYSPROSIUM, Dy,i62.5 

3. HOLMIUM, Ho, 163.5 6. YTTERBIUM, Yb,i73.s 

4. THULIUM,* Tm, 168.5 7- LUTECIUM, Lu, 175 

^ 8. CELTIUM, Ct. 

Discovery. In 1843 Mosander (J. pr. Chem. xxx, 288) 
announced, as the result of his investigation of yttria, its 
separation into three carth.s, two white and one yellow. 
To the less basic of the white oxides he gave the name 
Terbium earth, to the more basic the original name Yttrium 
earth, and the yellow oxide he called Erbium earth. 

In 1879 Cleve (Compt. rend, lxxxix, 478), while work- 

*** For the most recent work upon tins earth, me/. James, Jour. Amer. Chem. 
Soc. xxxnx, 1332, xjOj. 
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ing on erbium earth, discovered two elements, Holmium 
and Thulium, which he separated as the oxides. 

Seven years later Lecoq de Boisbaudran (Compt. rend, 
cii, 1004), announced the isolation of a new earth from the 
oxide of holmium, namely, that of Dysprosium. 

In 1878 Marignac (Compt. rend, lxxxvii, 578) found in 
gadolinite the oxide of a new element which he named 
Ytterbium. 

In 1906 Auer von Welsbach (Monatshefte f. Chem. 
XXVII, 93 5) announced that he had decomposed ytterbium 
by the action of ammonium oxalate on the double ammo¬ 
nium oxalate, and in 1907 Urbain (Compt. rend, cxlv, 759; 
Chem. Newsxcvi, 271) stated that by subjecting Marignac’s 
ytterbium to fractional crystallization in nitric acid he had 
separated it into two elements, which he called Neoytter¬ 
bium* and Lutecium. 

Four years later, while subjecting the gadolinite earths 
to fractional crystallization in nitric acid, Urbain obtained 
a mother liquor from which he separated an oxide of very 
low magnetic susceptibility. The arc spectrum showed 
many new lines, some very intense. The new earth proved 
to be in chemical character between lutecium and scandium. 
The name Celtium was proposed, and the symbol Ct 
(Compt. rend, clii, 141; Chem. Ztg. xxxv, 161). 

In 1899 Crookes (Chem. News lxxix, 212) separated 
from the yttrium earths by fractional fusion of the nitrates 
and fractional crystallization of the oxalates a new substance 
having a group of lines in the ultra violet. This substance 
he at first called Monium and later Victorium (Proc. Royal 
Soc. Lxv, 237). Urbain, however, considers it to be iden¬ 
tical with gadolinium Qour. chim. phy. iv, 321). 

Occurrence. These very rare earths are found in small 
quantities and varying proportions associated with yttria 
(vid. Occurrence of Rare Earths, page 35). Their chief 


Now known as ytterbimn. 
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sources are as follows; of erbium, gadolinite, yttrotantalite, 
euxeaite, sipylite, xenotime; of ytterbium, gadolinite, 
sipylite, xenotime, euxenite; of holmium, thulium and dys¬ 
prosium, gadolinite, keilhauite, euxenite, samarskite. 

Extraction.. Methods for the extraction of the yttrium 
earths have been already given (vid. Extraction of Yttrium, 
page4<5)- 



Er 

Tb 

Oxides... 

ErjOg 

Er205 

EraOCOH)^ 

ErCls 

ErBrs-FOTjO 

Erlj 

YbaOg 

Yb20346H2O 

YbCl343H20 

Hydroxides.j 

Chlorides. 

Bromides. 

Iodide. 

Fluoride. 

Chlorate. «... 

ErF, 

Er(C103)34-8H20 

Er(C104)3+SH20 

ErCBr03)3-f9H20 

Er(I03)3 4-3H20 
Er2(S03)3+-3B:20 

Er2(S04)3+-8H20 
£12(804)3* 3K2SO4 
£12(804)3* 5N3'2S04 
Er2(804)3-(NH4)2S04 

£12(82003418H20 
£12(8603)34 5H20 
Er2(8e04)3 4 5 ^ 2 ^ 

Erm03)3+-6H20 

ErP04 4H20 
Er.>H.(P207)2 4 7H2O 
Er;03.2CO2 4 2H2O 
Er2(C204)3 4i2H20 
Er(C2H302)3 4 2H20 

Er^Ss 


Perchlorate. 

Bromate. 


lodate.-. 


Sulphite..... 


Sulphates.. 

Yb3(SO0348H,O 

Double sulphates. 

Dithionate.... 

Selenites ................ 

Yb2(Se03)j 

Seleniate.... 

Nitrate... -.. 


Phosphate............ 


pyrophosphate.... 


Pa rfion . .. .. ..... 


Oxalates................. 

Yb 2(0,0 ,)34 -ioH ,0 

/V rptfi fpfi.. 

yb(C2H503)s-)-2H,0 

Sulphide. 




Compounds. A. Typical forms. In the table on this 
page are gi'veo typical compounds of erbium and ytterbium. 

B. Characteristics. In general chemical behavior the 
compounds of the yttrium earths resemble closely those of 
yttrium. The salts of erbium are of a rosy tint and give 
absorption bands. The oxide is yellowish. Ytterbium 
forms colorless compounds and gives no absorptiori bands. 
The compounds of holmium, thulium, dysprosium, lutecium, 
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and celtium have not been sufficiently investigated to 
warrant description. The identification of members of this 
group is made by the methods of spectrum analysis. 

Separation. For the separation of erbium from the 
other members of the yttrium group Methods 8,9, ii, 12, 13, 
20, 26(a), and 28 (page 43) are used. James obtains erbium 
by his bromate process {vid. Separation of Yttrium, i)age 49) 
in the fraction between yttrium and thulium. 

In separating ytterbium, Methods 8, 9, ix, 21, 26(a), and 
28 are recommended. In the bromate process this earth is 
to be found in the mother liquor after the separation of the 
fractions containing the other members of the group. 

Holmium has been separated by Methods i, ii, 13, 26(a), 
and 28. It is found in the bromate process in the fraction 
between dysprosium and yttrium. 

For thulium Methods 8, 25(6), and 28 have been recom¬ 
mended. It crystallizes in the bromate process in the last 
fraction following the erbium. 

Dysprosium has been separated by Methods ii, 26(a), 
and 28. The bromate of this earth ciy’-stallizcs between 
terbium and holmium. 

II. THE TERBIUM GROUP. 

I. TERBIUM,* Tr, 159.2 2. GADOLINIUM, Gd,157.3 

3. EUROPIUM, Eu, 152. 

Discovery. Terbium was first isolated by Mosander in 
1843 Discovery of Erbium). 

In 1886 Marignac and Lecoq de Boisbaudran (Compt. 
rend, cii, 902) separated from terbium earth the oxide of an 
unknown element named by them Gadolinium. 

Demargay, in 1901 (Compt. rend, cxxxn, 1484), isolated 
a colorless earth closely associated with samarium, and 
named the new elemen t Europium. This earth, the exist- 

* For re-view of recent work zii. James, J. Amer. Cliem. Soc. xxxiii, 816; 
XXXVI, 2060; xxxvn, 2652; xxxviir,873. 
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ence of which had for some years been recognized by him¬ 
self and by others, had been designated by him as 2, and by 
Lecoq de Boisbaudran as Ze. 

Occurrence. These earths are found in small quantities 
associated with the yttrium earths (vid. Occurrence of Rare 
Earths, page 35). The chief sources of terbium are gado- 
linite, samarskite, euxenite, and monazite; of gadolinium, 
samarskite and orthite; of europium, samarskite, orthite, 
cerite, gadolinite, keilhauite. 

Extraction. These earths are extracted from minerals 
with the members of the yttrium group (vid. Extraction of 
Yttrium, page 46). 

Compotmds. A. Typical forms. The following are typ¬ 
ical compounds of terbium and gadolinium: 



Tr 

Gd 

Oxide. 

TTv^lrnxide. .. 

Tr 203 

Tr203 + 6H20 

Gdcis+enp 

GdBrj + dHjO 

Gd2(SO.)a-K2SO< + 2HjO 
Gd(N 0 ,), + sH ,0 

2 Gd(NO,)s- 3Ni(NO,)j+ 24 H ,0 
Gd2(CO,)srf i3 H,0 
Gd(CjHsOj)8 + 4HjO 




. ..t-. 

Sulphate... 

TrjCSOJs + SH^O 

- . 

Nitrates. 

|Tr(N0,), + 6H20 


Carbonates. 

Tn(C03), + JcHj'0 
TrCCjHjO^a 

Aretatf^s.. 



B. Characteristics. The compounds of the terbium 
earths are very similar in chemical form and behavior to 
those of the yttrium earths. The members of this group are 
distinguished from the yttrium earths on the one hand, and 
from the cerium earths on the other, in that their double 
potassium sulphates are more insoluble in a saturated solu¬ 
tion of potassium sulphate than the corresponding salts of 
the former group, and less insoluble than those of the latter. 

Separation. Methods 8, ii, 18, 19, 26 (a), and 28 (page 
43) have been used in separating terbium from other rare 
earths. James separates terbium from the eerium earths 
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by saturation with sodium sulphate. On conversion of the 
yttrium earths together with terbium into the bromates, 
and crystallization, the terbium separates in the first frac¬ 
tion. Gadolinium has been separated by Methods ii, 23, 
26 (a), (b), (c), (d), 29, 37 and 38. James classifies it in the 
cerium group, and by crystallization of the double magnes¬ 
ium nitrates separates it in the last fraction. 

Methods 26 (c) and (d) have been especially effective in 
separating europium. James finds the main portion of the 
europium with the cerium earths, especially samarium, after 
the treatment with sodium sulphate. When lanthanum, 
praseodymium, neodymium, samarium, europium, and gado- 
are subjected to fractional crystallization as the 
double magnesium nitrates, europium appears in the last 
fraction before gadolinium and following samarium. 

III. THE CERIUM GROUP. 

I. CERIUM, Ce, 140.25. 

Discovery. In the course of the analysis of a mineral 
from Riddarhyttan, Sweden, in 1803, Klaproth discovered 
an earth which, while resembling yttria in many of its 
reactions, differed from it in being insoluble in carbonate 
of ammonium, and in acquiring, when ignited, a light brown 
color. Because of this latter peculiarity, the name Ochroite 
suggested itself to him, from ’ooXpos, yellow brown (Phil. 
Mag. XIX, 95). At the same time, and independently of 
Klaproth, Berzelius and Hisinger made the same discovery. 
Their name for the new element was Cerium, chosen in honor 
of the discovery of the planet Ceres by Piazzi in 1801 (Phil. 
Mag. XX, 155; xxii, 193). 

Occurrence. Cerium is found in many minerals, asso¬ 
ciated, usually, with other members of the rare earth 
group {vid. Occurrence of Rare Earths, page 35). Its 
chief sources are allanite, monazite, and cerite. 

Extraction. Cerium is generally extracted from cerite 
through decomposition of the mineral by heating it with 
strong sulphuric acid (t'fd. Experiment i). The decom- 
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position may be accomplished also by the action of a mix¬ 
ture of strong hydrochloric and nitric acids, but better 
results may be expected by the former method. 

The Element. A. Preparation. Elementary cerium may 
be obtained (i) by reducing the chloride with sodium or 
potassium (Mosander); (2) by subjecting the double chloride 
of cerium and sodium to electrolysis (Pogg. Annal. clv, 633), 

B. Properties. In appearance cerium resembles iron. 
While fairly stable in dry air, it oxidizes quickly in moist air. 
It takes fire more easily than magnesium, and melts at a 
lower temperature than silver and at a higher temperature 
than antimony. It is soluble in dilute acids, but is not 
attacked by concentrated sulphuric or nitric acid. It com¬ 
bines with chlorine, bromine, and iodine, forming salts. Its 
specific gravity is ,7, and its melting-point 640° C. It forms 
alloys with iron, aluminum, zinc, and magnesium, and com¬ 
bines with boron and silicon. Many of these alloys are 
pyrophoric {vid. Levy, Rare Earths, p. 314). 

Compounds. A. Typical jorms. The following are typ¬ 
ical forms of the two classes of cerium compormds: 


Oxides.CcjOg CeOj 

Hydroxides.Ce2O3*6H20 2Ce02*3H20 

Carbonates.002(003)3-+ 5H2O Ce(C03) 2+ 0.5H2O 

Chloride.CeClg 

Bromide.CeBrg 

Iodide.Ceig 

Perchlorate.Ce(C104)3+ SHjO 

Bromate.Ce (Br03)3+ 9H2O 

lodate.00(103)3+ 2H2O 

Fluorides.CeFg CeF4+ H ,0 

Cyanide- .... .Ce(CN)3 

Ferrocyanides... Ce4(FeCflNfl)3+3oH20 
CeKFeCflNe+aHgO 

Ferricyamde.CeFeCgN0+ SHgO 

Sulphocyanide , , Ce(CSN)3+ yHgO 

Sulphide.CegSg 

Sulphite.062(803)3+ 3H2O 

Sulphates.063(804)3+3, 5, 6, 8,9, and Ce(S04)3+4H30 

12H2O 
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Double sulphates. CejCSO^^s • 3X280*+ 2H2O CeCSO*)j • 2K2SO1+ 2H2O 

CejCSOJs • Na 2 SO*+ 2H2O 
CejCSOJs • (NH*)2S0*+ 8H2O 

Nitrates..Ce(N03)3+ 6H2O CeCNOj)* 

Double nitrates. .Ce2(N03)e-3Zn(N03)2+ 2Ce(N03)*-4KN03+3H2O 

24H2O 

Ce2(N03)6-3Co(NOs)2+ 2 Ce(N 03 )*- 4 (NH*)N 03 + 

24H2O, etc. 3H2O 

Phosphates.CePO* (Ce02) * • (P 205)3+ 26H2O 

Oxalate.Ce2(C20i)j 

Carbide. CeCj 


B. Characteristics. Cerium exists in compounds in two 
conditions of oxidation.* The higher or ceric salts are 
easily reduced to the lower or cerous condition by the 
ordinary reducing agents (e.g. HjS, SO3, HjC^O*, etc.), 
and the cerous salts may be oxidized to the ceric condition 
by oxidizing agents (e.g. Pb02+HN03, H2O2 in alkaline 
solution, KMn04, etc.). In general the cerous salts are 
colorless, and the ceric yellow. The lower oxide of ceriuiD, 
(Ce203), on ignition goes over to the higher condition, 
(Ce02). The cerous salts are the more stable, and con¬ 
sequently they form the greater number. They resemble 
the yttrium salts in many of their reactions, and are 
distinguishable from them chiefly by the greater insolu¬ 
bility of the double sulphates with sodium sulphate and 
potassium sulphate respectively in excess of the alkali 
sulphate, by the comparative insolubility of the carbonate 
in ammonium carbonate, and by the possibility of oxida¬ 
tion to a higher condition. Solutions of pure cerium salts 
give no absorption bands. 

Estimation. A. Gravimetric. Cerium is usually deter¬ 
mined gravimetrically as the dioxide, (CeOj), obtained by 
the ignition of the hydroxide or the oxalate {vid. James, Jour. 
Amer. Chem. Soc. xxxvi, 909). 

* Meloche has prepared derivatives of a perceric oxide (CeOs), namely, the 
double carbonate (€6204(003)2•4K2C03*i2H20) and the acetate (Jour. Amer. 
Chem. Soc.' xxxvn, 2338, 2645). 
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B. Volumetric, (i) When ceric oxide, (CeO,), is treated 
with hydrochloric acid in the presence of potassium 
iodide, iodine is set free, according to the following 
equation; 

2Ce0, + 8HCl + 2KI=2CeCl3 + 4H20H-2KCl+I,. 

The iodine may he estimated in acid solution by stand¬ 
ard thiosulphate, or in alkaline solution by standard 
arsenious acid (Bunsen, Ann. Chem. Pharm. cv, 49; Brown¬ 
ing, Amer. Jour. Sci. [4] viii, 451). 

(2) When cerium oxalate is dissolved in sulphuric acid 
the oxalic acid may be readily determined by potassium 
permanganate, and the amount of cerium present may 
be thus estimated (Stolba, Zeitsch. anal. Chem. xix, 194; 
Browning, Amer. Jour. Sci. [4] viii, 457). 

(3) When yellow ceric compounds are treated with 
hydrogen dioxide in acid solution, they are reduced to 
cerous compounds, with bleaching of color (Knorre, Zeitsch. 
angew. Chem. (1897), 685); 


2 Ce(S 04 ) 2 +H 2 O 2 = Ce 2 (S 04 ) 3 +H 2 SO 4 + O 2 . 


(4) Cerium may be estimated in the presence of the 
other rare earths by precipitating the hydroxide in the pres¬ 
ence of potassium ferricyanide, filtering, and estimating by 
potassiuni permanganate the ferrocyanide formed (Browning 
and Palmer, Amer. Jour. Sci. xxvi (1908), 83), according 
to the equations: 

(1) 2K3FeC6N6 + Ce203 + 2 KOH = 2K4PeC6N« + H 2 O + 
2Ce02. 

(2) 5K4FeC6N6+KMn04+4H2S04= sKaPeCeNe+aKaSO^ 

+MnS04+4H20. 

Separation. Cerium falls into the analytical group 
with aluminum, iron, etc. Together with the other rare 
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earths it may be separated from these by oxalic acid or 
oxalate of ammoniiim. Por separation from the yttrium 
earths, vid. page 49. 

Cerium may be separated from lanthanum, praseodym¬ 
ium, and neodymium by the following methods: (i) by 
treating the hydroxides suspended in a solution of caustic 
potash with chlorine gas (Mosander, J. pr. Chem. xxx, 
267), or with liquid bromine (Browning and Roberts, 
Amer. Jour. Sci. xxix, 45); (2) by boiling a solution of the 
nitrates with potassium bromate in presence of a lump of 
marble, thus precipitating basic ceric nitrate (James and 
Pratt, Jour. Amer. Chem. Soc. xxxin, 1326); (3) by treating 
a solution of the cerium earths with sodium peroxide and 
boiling (O. N. Witt, Chem. Ind. (1896), ii, 19); (4) by treat¬ 
ing the oxalates of the cerium earths with warm dilute 
nitric acid, thus separating the cerium as basic nitrate 
(Auer von Welsbach, Monatshefte f. Chem. v, 508); (5) 
by treating a solution of the salts with hydrogen dioxide in 
the presence of magnesium acetate (Meyer and Koss, Ber. 
Dtsch. chem. Ges. xxxv, 672); (6) by treating the neu¬ 
tralized nitrate solution with an excess of zinc oxide and 
adding potassium permanganate, thus precipitating cerium 
peroxide; (7) by the action of chromic acid on the hydroxides, 
dissolving the cerium (Esposito, Proc. Chem. Soc. xxii, 20). 

From thorium cerium may be separated (i) by repeated 
precipitations on boiling with sodium thiosulphate (Fre- 
senius and Hintz, Zeitsch. anal. Chem. xxxv, 543); (2) by 
boiling with potassium trinitride (Dennis and Kortright, 
Amer. Chem. Jour, xvi, 79): 

Th(N03)4+4KN3+4H2O =Th(OH) 4+4KNO3+4HN3; 

(3) by boiling a nearly neutral solution of the chlorides 
with copper and cuprous oxide (Lecoq de Boisbaudran, 
Compt. rend, xcix, 525); (4) by the action of fumaric 










THE CERIUM GROUP. 


6i 

acid in 40% alcohol upon solutions of the salts in 40% alco¬ 
hol (Metzger, Jour. Amer. [Chem. Soc. xxiv, 901); (s) by 
oxidizing cerous salts to the ceric condition and treating 
with ammonium oxalate, cerium not being precipitated at 
first (Orlow, Chem. Ztg. xxx, 733). In all of these methods 
the thorium is precipitated. The separation from thorium 
may be accomplished also by electrolysis of the nitrates 
(Dennis, U. S. Patent, i, 115, 513, Nov. 1914)- 

Cerium is separated from zirconium by fusion of the 
oxides with acid potassium fluoride, and extraction with 
water and a little hydrofluoric acid; the potassium fluo- 
zirconate is dissolved, and the thorium and cerium remain* 
(Delafontaine, Chem. News lxxv, 230). 

In addition to the foregoing. Methods i, 3, 4, 6-10, 18, 
and 26(b), page 43, have been used in separating cerium 
from its associates. 

Experimental Work. Vid. end of the chapter. 

2. LANTHANUM, La, 139 5. SAMARIUM, Sm, 150.4 

3. PRASEODYMIUM, Pr, 140.9 6. SCANDIUM,t Sc. 44.1 

4. NEODYMIUM, Nd, 144.3 

Discovery. In 1839 Mosander found that when the 
nitrate of cerium had been ignited, he was able to extract 
from it by very dilute acid an earth which differed in prop¬ 
erties from that of cerium, while from the portion remain¬ 
ing imdissolved he obtained the reactions of the cerium 
earth. He supposed the unknown substance of the newly 
discovered earth to be an element, and named it Lan¬ 
thanum, from XavOaveiv, to hide (Pogg. Annal. XLVI, 648; 
Liebig, Annal. xxxii, 235). 


* For the action of organic bases as precipitants of the rare earths, vid. 
Jefferson, Jour. Amer. Chem. Soc. xxrv, 540; BaskerviUe, Science, New 
Series, xvi, 215; Kolb, Jf. pr. Chem. [2] ixvi, 59; Allen, Jour. Amer. Chem 
Soc. XXV, 421; Holmberg, Chem. Zentr. 1906, 11 ,1595. 
f Vid. foot-note, page 35. 
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In 1841, while engaged in further work upon the extrac¬ 
tion of mixtures of cerium and lanthanum oxides by dilute 
nitric acid, he succeeded in separating from the lanthanum 
oxide another earth, rosy in color, going over to dark brown 
on being heated. Reserving for the residual oxide the 
original name Lanthanum earth, he called the base of the 
new oxide Didymium, from SiSvjuo^, twin ,—a name sug¬ 
gested by its close relationship to lanthanum and its 
almost invariable occurrence with it (Pogg. Annal. lvi, 503). 

In 1885 Auer von Welsbach announced that by long- 
continued fractional crystallization of the double nitrates 
of ammonium with lanthanum and didymium in the pres¬ 
ence of strong nitric acid, he had separated didymium 
into two elements (Sitzungsber. d. k. Acad. d. Wiss. (1885)“ 
xcii, Heft I, II, 317; Ber. Dtsch. chem. Ges. xviii, 605). 
The lanthanum crystallized out first, and afterward the 
decomposition of the didymium took place. To these 
new elements he gave the names Praseodymium (TtpdcrivoSy 
leek-green) and Neodymium {yeo<s^ new). 

In 1878 Delafontaine (Compt. rend, lxxxvii, 559, 632) 
announced the discovery of Decipium in a North Carolina 
samarskite. 

In 1879 Nilson (Ber. Dtsch. chem. Ges. xii, 554), while 
engaged in extracting ytterbium from euxenite, separated 
an earth of much lower atomic weight, the unknown element 
of which he called Scandium.* The same year Lecoq de 
Boisbaudran (Compt. rend, lxxxviii, 323), in the course of 
an examination of the absorption spectra of the earths 
separated from samarskite, isolated the earth of another 
new element, Samarium. 

Occurrence. The cerium earths occur closely associated 
with cerium. The following are some of the chief sources: 


* The discovery of scandium was predicted by Mendel6eff in 1869 and the 
hypothetical element was named Ekaboron. To it he gave the atomic weight 
of 44, and he described the properties of several of its compounds. 
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of lanthanum, cerite, allanite, monazite, bastnaesite, and 
lanthanite; of praseodymium and neodymium, cerite, allan- 
ite, monazite, and bastnaesite; of samarium, samarskite, 
orthite, cerite, gadolinite, and keilhauite; of scandium, 
gadolinite, yttrotitanite, euxenite, and keilhauite; of decip- 
ium, samarskite. 

Extraction. In the process of extracting cerium from 
cerite (vid. Experiment i) the oxalates of the cerium earths 
are precipitated together. 

The Elements. I. Lanthanum. A. Preparation. The 
element lanthanum may be obtained (i) by reducing the 
chloride with potassium; (2) by subjecting the double 
chloride of lanthanum and sodium to electrolysis. 

B. Properties. Lanthanum is a metallic element of a 
lead-gray color. It decomposes cold water slowly and hot 
water more rapidly, with the evolution of hydrogen. It 
oxidizes easily in the air. Its specific gravity is from 6.04 
to 6.19, and its melting-point is 810° C. 

II. Praseodymium and Neodymium. The elements 
praseodymium and neodymium have been isolated by the 
electrolysis of the anhydrous chlorides (Muthmann and 
Weiss, Liebig Ann. cccxxxi, 46). Their melting-points are 
940° C. and 840° C., respectively. 

III. Samarium and Scandium. Samarium has been ob¬ 
tained by the electrolysis of a mixture of samarium and 
barium chlorides. The melting-point of samarium is 1300°- 
1400° C. The element scandium seems not to have been 
isolated. 

Compounds. A. Typical forms. In the table on the next 
page are. shown typical compounds of the members of the 
cerium group other than cerium. 

B. Characteristics. The compounds of the other mem¬ 
bers of the cerium group are very similar to those of cerium 
in the cerous condition in their behavior toward chemical 
reagents. They may be distinguished from the compounds 
of cerium by the absence of yellow color on the addition of 
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oxidizing agents,—a color characteristic of the higher oxide 
of cerium. Lanthanum may be distinguished from praseo¬ 
dymium and neodymium by the colorlessness of its salts and 
by the absence of an absorption spectrum. 

Praseodymium salts are green. While their chemical 
form resembles closely that of the neodymium salts, higher 
oxides are definitely known in the case of praseodymium. 
The ordinary oxide Pr203 is greenish white; the higher 
oxide Pr407 is nearly black. Neodymium salts in general are 
of a rosy color, but the oxide Nd203 is bluish. Each of 
the two elements has distinctive spectra, spark and absorp¬ 
tion. The lower oxide and the salts of samarium are yellow. 
Solutions of the salts give characteristic absorption bands. 
The oxides and salts of scandium are colorless. The salts 
show no absorption spectrum. 

Estimation. Like cerium, the other members of its 
group are generally estimated as oxides, obtained by ignition 
of the hydroxides or oxalates. 

Separation. A. Lanthanum from praseodymium and neo¬ 
dymium. Lanthanum may be separated from praseodym¬ 
ium and neodymium (i) by dissolving the sulphates in 
water at 9° C. and gradually raising the temperature,—the 
lanthanum sulphate separating first (Hermann, J. pr. Chem. 
Lxxxn, 385); (2) by heating the nitrates at 4oo°-soo° C. 
and extracting with water,—^praseodymium and neodymium 
tending to form an insoluble basic nitrate (Damour and 
Deville, Bull. Soc. Chun. d. Paris, ii, 339); (3) by dissolving 
half of a given amount of the oxides in warm dilute nitric 
acid, then adding the other half with constant stirring, cool¬ 
ing the mass, and extracting with water (yid. Experiment i), 
—^praseodymium and neodymiiun being foimd in the residue 
(Auer von Welsbach, Monatshefte f. Chem. v, 508); (4) by ' 
fractional crystallization of the nitrates with magnesium 
nitrate,—the lanthanum appearing in the first crystal¬ 
lizations (James, Jour. Amer. Chem. Soc, xxx, gyf)', (5) by 
treating tire hydroxides with bromine water,—the lanthanum 
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being the more soluble (Browning, Compt. rend, clviii, 
1679). 

Separation Methods i, 9, ii, 12, 17-23, 25(6), and 26(a), 
(b), and (c), page 43, have also been used in separating Ian- 
thanum. 

F B. Praseodymium from neodymium. The separation of 
praseodymium from neodymium may be accomplished (i) 
by making several hundred fractional crystallizations, first 
of the nitrates with ammonium nitrate, and later of the 
nitrates with sodium nitrate, in the presence of lanthanum 
and nitric acid,—the neodymium salt being the more soluble 
(Auer von Welsbach, Sitzungsber. d. k. Acad. d. Wiss. 
(1885) xcii. Heft I, II, 317); (2) by allowing nitric acid to 
act upon the oxalates,—the praseodymium salt being the 
more soluble (Scheele, Ber. Dtsch. chem. Ges. xxxii, 417); 
(3) by treating the sulphates with water,—the praseo¬ 
dymium sulphate being the more soluble (Muthmann and 
Rolig, Ber. Dtsch. chem, Ges. xxxi, 1718); (4) by making 
fractional precipitations of a solution of the nitrates by 
means of sodium acetate and hydrogen peroxide,—the 
praseodymium separating first (Meyer and Koss, Ber. Dtsch. 
■chem. Ges. xxxv, 676); (5) by making fractional crystalliza¬ 
tions of the nitrates with magnesium nitrate,—the praseo¬ 
dymium appearing first after the lanthanum {md. (4), Sepa¬ 
ration of Lanthanum from Praseodymium and Neodymium). 
Methods i, 8(a), 9, ii, 12, 19, 22, 23, and 26(a), page 43, 
have also been used in the separation of praseodymium 
and neodymium from their associates and from each 
•other. 

Samarium, together with gadolinium and europium, is 
found by James in the mother liquors obtained during the 
fractionation of the nitrates of lanthanum, praseodymium, 
and neodymium with magnesium nitrate. Urbain and 
Lacomb (Compt. rend, cxxxvii, 792, and cxxxviii, 84) 
have fotmd that the addition of bismuth-magnesium nitrate 
helps in the separation. The samarium appears in the least 
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soluble fractions. Vid. also Methods 9, ii, 20, 23, and 26(0), 
(b), and (d), page 43. 

Scandium is obtained with ytterbium by James in the 
mother liquors from the bromate crystallizations {vid. dia¬ 
gram, page 216). It is separated from ytterbium by pre¬ 
cipitation as the double potassium sulphate. Vid. also 
Methods 8 and 21, page 43. 

EXPERIMENTAL WORK ON CERIUM, LANTHA¬ 
NUM, PRASEODYMIUM, AND NEODYMIUM. 

Experiment i. Extraction of salts of the cerium group 
from cerite or monazite. Treat 25 grm. of the powdered 
mineral with common sulphuric acid and stir until the mass 
has the consistency of thick paste. Heat until the excess 
of sulphuric acid is removed. Cool, pulverize, and digest 
with cold water until no further precipitate appears upon 
the addition of ammonium oxalate to a few drops of the 
extract. Pass hydrogen sulphide into the solution to re¬ 
move traces of bismuth and copper. Filter, and to the 
filtrate add oxalic acid to complete precipitation of the 
oxalates of cerium, lanthanum, praseodymium; and neo¬ 
dymium. Ignite the oxalates, and dissolve in hydrochloric 
acid the oxides obtained. To the solution add potassium 
hydroxide until the precipitation of the hydroxides is com¬ 
plete. Make up the volume of the liquid in which the 
hydroxides are suspended to about 200 cm.® Add about 
5 grm. of potassium hydroxide to insure an excess, and 
pass a slow current of chlorine gas through, stirring from 
time to time, until the liquid is no longer alkaline in reaction 
and the precipitate has assumed a deep-yeUow color.* By 
this process the cerium hydroxide is oxidized to the dioxide, 

* The processes of James and Pratt, which use potassium bromate and marble, 
or of Browning and Roberts, which substitute bromine for chlorine, may be em¬ 
ployed for the separation. Vid. page 6o. 
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■which remains undissolved, and the hydroxides ^ of lan¬ 
thanum, praseodymium, and neodymium are dissolved. 
When the separation is complete, a portion of the -washed 
precipitate dissolved in hydrochloric acid should give no 
evidence of the presence of praseodymium or neodymium, 
for example, no absorption spectrum (vid. Experiment 12). 
The absence of these elements at this point is considered 
sufficient evidence of the absence of lanthanum. To the 
solution containing lanthanum, praseodymium, and neo¬ 
dymium, add oxalic acid until precipitation is complete. 
Filter off the oxalates, wash, dry, ignite, and set aside 
for later use the oxides obtained. (For method of sepa¬ 
ration vid. Experiment 13.) 

Experiment 2. Reduction and oxidation of cerium 
compounds, (a) To a small portion of the carefully washed 
cerium dioxide obtained in the previous experiment add 
a little hydrochloric acid diluted -with an equal volume 
of water and boil. Note the evolution of chlorine and 
■the -ultimate colorless solution of cerium chloride, (CeClj). 

(b) To a portion of the solution obtained in (a) add 
a few drops of ammonium hydroxide in excess and some 
hydrogen dioxide. Note the orange to red-brown precipi¬ 
tate (CeOa?). Other oxidizing agents, such as sodium hypo¬ 
chlorite, sodium peroxide, lead dioxide, potassium per¬ 
manganate, etc., may be used. Boil the solution holding 
the precipitate in suspension and note that the deep-yellow 
color changes to a lighter yellow. The precipitate becomes 
essentially the dioxide, (CeOj). 

(c) To another portion of the washed cerium dioxide 
from Experiment i (2Ce0j-3H20) add hydrochloric acid 
as before, and also a crystal of potassium iodide in the 
cold. Note the Hberation of iodine according to the 
reaction 2Ce0j+ 8 HC 1 -f 2KI = aCeQ, + 2KCI + 1 ^ + 4HP. 

Experiment 3. Formation of ceric nitrate, (Ce(N03)4). 
Dissolve in nitric add a portion of the hydrated ceric oxide 
formed in Experiment i. Note the orange-red color. 
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Try the action of hydrogen dioxide and oxalic acid 
upon separate portions of the solution. 

Experiment 4 . Precipitation of cerous hydroxide, 
(Ce(OH)3). (a) To a solution of cerium chloride add 

sodium, potassium, or ammonium hydroxide in solution. 
Note the insolubility of the hydroxide in excess of these 
reagents. 

{b) Repeat the experiment with tartaric acid present 
in the solution. 

Experiment 5. Precipitation of cerous carbonate, 
(062(003)3). {a) To a solution of cerium chloride add a 

solution of sodium or potassium carbonate. Note the 
comparative insolubility in excess. 

( 5 ) Repeat the experiment, using ammonium carbonate 
as the precipitant. 

{c) Try the action of the common acids upon the car¬ 
bonate of cerium. 

Experiment 6. Precipitation of cerium oxalate, 

(a) To a solution of a cerium salt add oxalic 
acid or an oxalate. Note the crystalline character of the pre¬ 
cipitate, especially after the liquid has been stirred and boiled. 

(b) Try the action of hydrochloric acid upon cerium 
oxalate. 

Experiment 7 . Precipitation of the double sulphate 
of cerium and potassium or sodium, ^^ or 

€62(80^)3-NajSO^). To a few drops of a concentrated 
solution of a cerous salt add a small portion of a saturated 
solution of sodium or potassium sulphate. 

Experiment 8. Precipitation of cerium phosphate, (CeP04). 
(a) To a solution of a cerous salt add sodium phosphate in 
solution. 

(i») Try the action of hydrochloric and acetic acids upon 
separate portions of the precipitate. 

Experiment 9 . Precipitation of cerous fluoride, (CePs). 
To a solution of cerium chloride add potassium fluoride in 
solution. 





70 


THE RARER'ELEMENTS. 


Experiment lo. Precipitation of the ferrocyanide ^ of 
cerium (Ce4(FeC6No)3). (a) To a solution of cerium chloride 
add potassium ferrocyanide. 

( 6 ) Note that potassium ferricyanide gives no precipi¬ 
tate. 

. Experiment 1 1. Comparison of lanthanum, praseodymium , 
and neodymium with cerium, (a) Perform Experiments 4 
to 10 inclusive upon dilute solutions of salts of lanthanum, 
praseodymium, and neodymium. 

( 6 ) Note that pure salts of these elements give no change 
of color with oxidizing agents. Compare with cerium salts 
{vid. Experiment 2). 

Experiment 12. Absorption spectra. Place solutions of 
salts of praseodymium and neodymium between the slit 
of the spectroscope and a luminous flame. Note the dark 
bands. Observe that cerium and lanthanum salts in solu¬ 
tion show no absorption bands. 

Experiment 13. Separation of praseodymium and neo¬ 
dymium. If time and material allow, an interesting experi¬ 
ment may be performed by taking about 100 grm. of the 
oxides of lanthanum, praseodymium, and neodymium, dis¬ 
solving them in a known amount of nitric acid, neutral¬ 
izing an equal amount of nitric acid by means of magnesium 
oxide, mixing the two solutions, and proceeding with the 
fractional crystallization of the double nitrates to the point 
where change of color indicates the separation of praseo¬ 
dymium and neodymium. Observe the differences in the 
absorption bands. 

Experiment 14. Negative tests of the salts of cerium, 
lanthanum, praseodymium, and neodymium. Note that 
hydrogen sulphide gives no precipitate with salts of this 
group. Ammonium sulphide precipitates the hydroxides, 
not the sulphides. 
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IV. THORIUM.* Th. 232.4. 

Discovery. As early as the year 1818 Berzelius, working 
on a mineral from Fahlun, Sweden, believed that he had 
discovered a new earth (Annal. der Phys. u. Chem. (1818) 
XXIX, 247). He gave it the name Thoria, from Thor, son 
of the Scandinavian war god Odin. Some years later, how¬ 
ever, he identified the supposed new earth 9^ chiefly a basic 
phosphate of yttrium (Pogg. Annal. iv, 145 . In 1828 Es- 
mark discovered, near Brevig, Norway, the mineral since 
known as thorite. From it Berzelius isolated an unknown 
earth; its similarity to the substance described by him some 
ten years earlier prompted the name Thoria (Pogg. Annal. 
XVI, 385). 

Occurrence. Thorium is found in combination in cer¬ 
tain rare minerals {vid. Occurrence of Rare Earths, page 
35). Its chief sources are monazite, thorianite, and 
thorite. 

Extraction. The following methods may be used for the 
extraction of thorium salts: 

(1) Frpn ’thonte. The mineral is decomposed by heat¬ 
ing it with sulphuric acid {vid. Cerium, Experiment i, 
page 67). After the extraction of the sulphate with cold 
water, the solution is heated to loo"^ C. and an impure 
sulphate of thorium comes down. By repeated solution of 
the precipitate in cold water and reprecipitation by means 
of heat a pure sulphate is finally obtained (Delafontaine, 
Ann. Chem. Pharm. cxxxi, 100). 

(2) From monazite. (a) The mineral is decomposed by 
sulphuric acid and the oxalates are precipitated by oxaHc 
acid {vid. Experiment i). (Jo) The mineral is heated in an 
electric furnace with about an equal weight of petroleum 
coke and very small amounts of lime and fluorspar. The 
phosphorus distils, the lime is dissolved out by water, the 


For a discussion of radioactive properties, see Chapter HE. 
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'residue is dissolved in hydrochloric acid, and the thorium 
(ThOa) is separated by sodium thiosulphate (Baskerville, 
J. Eng. Ind. Chem. iv, 821). 

The Element. A. Preparation. Elementary thorium 
:may be obtained (i) by heating the chloride with metallic 
sodium (Zely and Hamburger); (2) by reducing the double 
fluoride of potassium and thorium-with potassium; (3) by 
reducing with aluminum. 

B. Properties. Thorium is known in two forms, (i) 
that of a grayish, glistening powder, and (2) crystalline. 
It is stable in the air, and does not decompose water, even 
at 100° C. When heated in a ciirrent of chlorine, bromine, 
or iodine, it glows and forms the salt. It is soluble in 
dilute hydrochloric and sulphuric acids, in concentrated 
sulphuric acid with the liberation of sulphur dioxide, and 
in aqua regia. It is acted upon very slowly by nitric 
acid, and is not attacked by the alkali hydroxides. The 
specific gravity of thorium in the amorphous condition 
is 10.97; in crystalline form 11.2. . 

Compounds. A. Typical forms. The following are typ¬ 
ical compounds of thorium: 

Oxides, ThOj; Th^Oj. 

Hydroxide, Th(OH)^. 

Chlorides, ThCl^; also double salts with KCl and NH^Cl. 
Oxychloride, ThOCl. 

Bromide, ThBr^. 

Iodide, Thl^. 

Fluoride, ThF^-l-4HjO. 

Chlorate, ThCClO,),. 

Perchlorate, Th(C10j4. 

Hromate, ThCBrOj)^. 
lodate, Th(IO,)4. 

Hiflphide, ThSa. 

Oxysulphide, ThOS. 

'Sulphite, Th(S03)2+H20. 
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Sulphates, Th(S04)2+9H20; also double salts with K2SO4, 
Na2S04; and (NH4)2S04. 

Selenite, Th(Se03)2+H20. 

Seleniate, Th(SeO4)2 + 91120. 

Nitrate, Th(N03)4 + i2H20. 

Borides, ThB4, ThBe. 

Phosphate, Th3(P04)4+4H20. 

Pyrophosphate, ThP207 + 2H20. 

Hypophosphate, ThP206. 

Ferrocyanide, ThPe(CN)6+4H20. 

Silicide,* ThSi. 

Hydride, ThH4. 

Nitride, Th3N4. 

Carbide, ThCz. 

Silicate, ThSi04. 

Carbonates, Th(C03)2; Th(C03)2-3Na2C03 + i2H20. 

Oxalate, Th(C204)2+2H20. 


B. Characteristics. The compounds of thorium resem¬ 
ble in chemical form those of cerium in the ceric con¬ 
dition. Thorium resembles cerium also in having a hy¬ 
droxide insoluble in the alkali hydroxides, and in forming 
a double sulphate with potassium sulphate, insoluble in 
excess of that precipitant. The salts of thorixom are colorless 
except where the element is combined with an acid having a 
color of its own. They are in general insoluble, with the 
exception of the chloride, the nitrate and the sulphate. 
Possibly the most distinctive reactions of thorium com¬ 
pounds are the ready formation of a soluble double oxalate 
when ammonium oxalate is added in excess to a thorixim 
salt in solution, and the precipitation of the hydroxide when 
a solution of a thorium salt is boiled with potassium 
hydronitride (Dennis and Kortright, Amer. Chem. Jour. 
XVI,. 79). 









Hdnigsdimidt, Compt rend, cxlh, 157; cxun, 224. 
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Estimation. Thorium is ordinarily estimated as the 
oxide (Th02), obtained by ignition of the hydroxide, the 
nitrate, or the oxalate. 

Separation. Thorium, together with the rare earths 
cerium, yttritun, zirconium, etc., may be separated from 
the other elements by oxalic acid. Methods for its separa¬ 
tion from yttrium and cerium have already been given 
{vid. pages 49 and 60), but two recent methods may be men¬ 
tioned here: (i) the action of potassium iodate in the pres¬ 
ence of nitric acid upon rare earth solutions,—the thorium 
salts remaining insoluble even on boiling (R. J. Meyer, 
Ztsch. f. anorg. Chem. lxxi, 65), a method especially 
recommended for separations from scandium; (2) the 
action of sebacic acid on rare earth solutions,—the thorium 
sebacate being precipitated (Smith and James, Jour. 
Amer. Chem. Soc. xxxiv, 281). 

From zirconium thorium may be separated (i) by the 
action of acids upon the potassium double sulphates,— 
the zirconium salt being the more soluble; (2) by the action 
of an excess of hydrochloric acid upon the soluble double 
ammonium oxalates,—the zirconium remaining in solution; 
(3) by fusion with acid potassium fluoride; (4) by the action 
of dimethylamine upon solutions, of the salts,—thorium 
hydroxide being precipitated (Kolb, J. pr. Chem. [2] lxvi, 
■59); (5) hy electrolysis of the nitrates (Dennis, U. S. Patent 
-1,115,513, Nov. 1914). 

EXPERIMENTAL WORK ON THORIUM. 

Experiment i. Extraction of thorium oxide from mona- 
;$ite. Treat 25 grm. of finely ground monazite with com¬ 
mon sulphuric add, according to the method already 
described {vid. Experiment i, page 67). Precipitate the 
oxalates with oxalic add,—not ammonium oxalate,—^boil 
and filter. Remove the oxalates to a porcelain dish, ignite, 
and dissolve the oxides in nitric add. Evaporate to dr3Taess 
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to remove excess of acid, dissolve in water, and precipitate 
thorium thiosulphate with sodium thiosulphate. 

Note. , This method may be employed for the extraction 
of thorium from discarded Welsbach-light mantles. 

Experiment 2. Precipitation of thorium hydroxide- 
(Th(OH)4) and thorium thiosulphate (Th(8203)2). (a) To' 

a solution of a thorium salt add sodium, potassium, or 
ammonium hydroxide. Note the insolubility of the hy¬ 
droxide in excess of the precipitant. 

(6) To a solution of a thorium salt add sodium thio¬ 
sulphate in solution and boil. 

Experiment 3. Precipitation of thorium carbonate,\ 
(Th (003)2). {cl) To a solution of a thorium salt add 
potassium or sodium carbonate. Note the solubility of 
the precipitate in excess and the reprecipitation on boiling. 

(6) Repeat, using ammonium carbonate. 

{c) Note the solvent action of the common acids upon 
thorium carbonate. 

Experiment 4. Precipitation of the oxalate of thorium,. 
(Th(C204)3+2H2O). (a) To a solution of a thorium salt 

a.dd a solution of oxalic acid. Note the insolubility in 
excess of the precipitant. 

{b) Repeat, using ammonium oxalate as the precipitant. 
Note the solubility in excess, especially on warming, and 
the reprecipitation upon the addition of hydrochloric acid. 

{c) Try the solvent action of ammonium acetate upon 
thorium oxalate. 

Experiment 5, Precipitation of the double sulphate 
of potassium and thorium, (Th(S04)2-2K2S04-l-2H20 or 
Th (804)2'4K2SO4 + 2H2O). Saturate a solution of a thorium 
salt with potassium sulphate. (The corresponding sodium 
salt (Th(S04)2*Na2S04 + 6H20) is somewhat soluble in 
excess of sodium sulphate.) 

Experiment 6. Precipitation of thorium phosphate^ 

* According to some authors this precipitate is the hydroxide, 
t At 50° C. this carbonate is said to become basic. 
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(Th3(P04)44-4H20), and thorium hypophosphate, (ThP20o). 
(a) To a solution of a thorium salt add sodium phosijhatc in 
solution. Orthophosphoric acid is said to precipitate an 
acid phosphate (ThH2(P04)2). (b) To a solution of a 

thorium salt add sodium hypophosphate in solution. Note 
the insolubility of the precipitate in fairly strong hydro¬ 
chloric acid. 

Experiment 7. Precipitation of thorium fluoride, 
(ThF^-F4H20). To a solution of a thorium salt add a 
solution of potassium fluoride. Double salts with thorium 
fluoride may also form (a^KF-yThF^ typical). 

Experiment 8. Precipitation of thorium ferrocyanide, 
(ThFe(CN)e-f-4H20). To a solution of a thorium salt add 
a solution of potassium ferrOcyanide. Note the absence 
of precipitation with potassium ferricyanide. 

Experiment 9. Action of hydrogen peroxide upon salts 
of thorium. To a solution of a thorium salt add a little 
hydrogen peroxide, and warm. 

Experiment 10. Precipitation of thorium iodate, 
(Th(I03)4). To a solution of thorium nitrate add a solu¬ 
tion of potassium iodate. Note the insolubility in fairly 
strong nitric acid. 

Experiment ii. Precipitation of thorium sebacate. To 
a neutral solution of a thorium salt add a hot solution of 
sebacic acid (H2(CioHi804)), and boil. 

Experimeni 12. Negative test of thorium salts. To a 
solution of a thorium salt add hydrogen sulphide. Note 
that ammonium sulphide precipitates the hydroxide, not 
the sulphide. 

’ V. ZmCONIUM, Zr, 90.6. 

IMscoveiy. While engaged in the analysis of the zircons, 
in 1788, Klaproth found one variety containing 31.5% of 
sflica, 0.5% of the oxides of iron and nickel, and 68% of an 
earth which differed from all earths previously known to 
him. He obsmed that it was soluble in the adds, but 
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insoluble in the alkalies, in the latter respect differing from 
alumina (Ann. de Chim. i, 238). The fact that zircon was 
the source of the new earth suggested the name Zirconium 
for the element. 

Occurrence. Zirconium is found combined, widely dif¬ 
fused, but always in small quantities (vid. Occurrence of 
Rare Earths, page 35). Its chief source is zircon. 

Extraction. Zirconium salts may be extracted from 
zircon by the following methods: 

(i) The finely powdered mineral is fused with acid 
potassium fluoride {vid. Experiment i) (Marignac, Ann. 
Chim. Phys. [3] lx, 257). 

. (2) The mineral is fused with potassium bisulphate 
and the fused mass extracted with dilute boiling sulphuric 
acid. The basic sulphate (3Zr02-S03) is left as a residue 
(Franz, Ber. Dtsch. chem. Ges. ii, 58). 

(3) The finely powdered mineral is heated with a mix¬ 
ture of sodium hydroxide and sodium fluoride, the mass 
is cooled, pulverized, and extracted with water.' The residue, 
which consists mainly of sodium zirconate, is digested with 
hydrochloric acid until dissolved. After the solution has 
been evaporated to a small volume the zirconium oxy¬ 
chloride separates, in crystalline form (Bailey, Proc. Royal 
SOC. XLVI, 74). 

(4) The finely powdered mineral is fused with sodium car- 
bonate, and the melt, consisting of sodium silicate and 
sodium zirconate, is extracted wdth water. The silicate 
dissolves and the zirconate is hydrolyzed, forming zirco¬ 
nium hydroxide, which, after washing, is dissolved in hydro¬ 
chloric or sulphuric acid. ■* 

The Element.* A. Preparation. Elementary zirconium 
may be obtained in the amorphous condition (i) by reducing 
potassium fluozirconate with potassium (Berzelius), and (2) 
by reducing the oxide with magnesium (Phipson). It may 


Vid. Zely and Hamburger, Ztscbr. anorg. Chem. Lxxxvn, 209. 
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be obtained in crystalline form by heating potassium 
fluozirconate with aluminum (Troost), and in giaphitic 
form by heating sodium fluozirconate with iron at 
850° C. 

B. Properties, (i) Zirconium in the amorphous con¬ 
dition is a black powder. Heated in the air it bums brightly 
to the oxide. It oxidizes also when fused with alkali 
nitrates, carbonates, and chlorates, and is only slightly 
attacked by acids. 

(2) In crystalline form zirconium has much the ap¬ 
pearance of antimony. Heated in the air it oxidizes very 
slowly. It is not acted upon by fusion with alkali nitrates, 
carbonates, or chlorates, but is soluble in the acids upon 
the application of heat. The density of the pure metal 
is 6.4; its melting-point is 1530° (Wedekind).* 

Compounds. A. Typical forms. The following are typi¬ 
cal compounds of zirconium: ^ 

Oxides, ZrOz', Zr203; Zr205. 

Hydroxide, Zr(OH)4. 

Chlorides, ZrCl^; also double salts with KCl and NaCl. 
Oxyhalides, ZrOClj-|-3HjO; ZrOBr^+sH^O; ZrI(0H)j-l-3H20. 
Bromide, ZrBr^. 

Iodide, Zrl^. 

Fluoride, ZrP^. 

Oxysulphide, ZrOS. 

Sulphite, Zr(S03)2. 

Sulphates, Zr(SOJj-f 4H3O; 3Zr03-S0j. 

Selenite, Zr(SeOj)j. 

' Nitrate, Zr(N03)^-l-SHj0. 

Phosphate, Zr3(PO^),. 
p5rrophosphate, ZrP^O,. 

Carbonate, 3Zr03-C02-f8H30. 

Oxalates, Zr(C^OJ^ • 2Zr(OH),; ZriCfi,), ■ K,C, 0 , • HfijO, + 
8H3O. 

Zirconates, Na^ZrO^; LijZrO,, etc. 


U. S. Bureau of Standards gives ±1700® C. 
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Zirc^nyl *-nitric or nitrato-zirconic acid, H2ZrO (N’Oa) 4+ 

4H,0. 

Zirconyl-sulphuric or sulphato-zirconic acid, H2Zr0(S04)3 + 
3H2.O. 

Fluozirconate, K2ZrF6. 

Carbide, ZrC. 

Filicide, ZrSi. 

Hydride, ZrH2. 

Nitride, Zr2N3. 

B. Characteristics. In chemical structure the com¬ 
pounds of zirconium bear a strong resemblance to those 
of thorium, titanium, germanium, and silicon. The oxide, 
in its behavior as a base toward oxides having more acidic 
qualities, resembles the oxide of thorium (Th02). With 
the weaker acids, carbonic and oxalic, it shows weaker 
basic properties in the formation of basic salts. With 
strong bases it manifests acidic properties, like the oxide 
of titanium, and forms zirconates {vid. Typical Forms, 
above). The chief soluble salts are the nitrate and the 
sulphate. The hydroxide of zirconium is insoluble in 
excess of the alkali hydroxides, the double stdphate with 
potassium is insoluble in a solution of potassium sulphate, 
and the oxalate is soluble in ammonium oxalate. Solutions 
of pure zirconium salts are said to give no precipitate with 
hydrofluoric acid or potassium hydronitride. Turmeric 
paper, when dipped into a solution of a zirconium salt and 
dried, is colored orange. 

Estimation. Zirconium is usually weighed as the oxide 
(Zr02) obtained by ignition of the hydroxide or oxalate. 

Separation. Zirconium, with the other rare earths, may 
be roughly separated from other elements by the action 
of oxalic acid {vid. page 49). For the separation from 


* Rosenheipi, Ber. Dtsch. chem. Ges. XL, 803. 810; Hauser, Zdtsdi, anorg- 
Chem. Lm, 74; liv, 196. 
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yttrium, cerium, and thorium see under those elements. 
The separation of zirconium from iron and titanium has 
received a good deal of attention from chemists. Some 
of the methods that have been suggested follow. 

From iron zirconium may be separated (i) by the action 
of water upon an ethereal solution of the chlorides,—^the 
oxychloride of zirconium being precipitated (Matthews, 
Jour. Amer. Chem. Soc. xx, 846); (2) by the action of 
gaseous hydrochloric acid and chlorine at a temperature of 
about 200° C. upon the mixed oxides,—the ferric chloride 
being volatilized (Havens and Way, Amer. Jour. Sci. [4] 
VIII, 217); (3) by treatment with phenylhydrazine,—the 
zirconium being precipitated (Allen, Jour. Amer. Chem. 
Soc. XXV, 426); (4) by the action of sulphurous acid 
on neutral solutions,—the zirconium being precipitated 
(Baskerville, Jour. Amer. Chem. Soc. xvi, 475). 

From titanium zirconium may be separated (i) by 
boiling a solution containing the two elements with dilute 
sulphuric and acetic acids,—titanic acid being precipitated 
free from zirconium (Streit and Franz, J. pr. Chem. cviii, 
75; Zeitsch. anal. Chem. ix, 388); (2) by treating solu¬ 
tions acid with sulphuric or hydrochloric acid with zinc 
imtil the titanium is reduced to the condition of the sesqui- 
oxide, and then adding potassium sulphate,—the zirconium- 
potassium sulphate being precipitated (Pisani, Compt, 
rend. LVii, 298; Chem. News x, 91, 218); (3) by adding 
hydrogen dioxide and sodium phosphate to the solution,— 
the basic phosphate of zirconium being precipitated (Hille- 
brand. Bull. U. S. Geol. Survey No. 176, 75). 

EXPERIMENTAL WORK ON ZIRCONIUM. 

Experiment i. Extraction of zirconium salts from zircon. 
Fuse 5 grm. of finely powdered zircon in a platinum or 
nickel crucible with about 15 grm. of acid potassium 
fluoride. Pulverize the fused mass and extract with hot 
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water containing a few drops of hydrofluoric acid.* Filter 
immediately through a rubber funnel into a rubber beaker. 
As the filtrate cools, potassium fluozirconate crystallizes 
out. It may be purified by recrystallization. 

Experiment 2. Precipitation of zirconium hydroxide, 
(Zr(OH)^). (a) To a solution of a zirconium salt add potas¬ 

sium, sodium, or ammonium hydroxide. Note the insolu¬ 
bility in excess, (b) To a solution containing zirconium add 
sodium thiosulphate in solution and boil. 

Experiment 3. Precipitation of zirconium carbonate, 
(fiZrOj-COj + SHjO). (a) To a solution of a zirconium 
salt add sodium or potassium carbonate. Note the partial 
solubility in excess. 

(h) Use ammonium carbonate as the precipitant. Note 
the solvent action of an excess and the precipitation of 
the hydroxide on boiling. 

(c) Try the action of the common acids upon separate 
portions of zirconium carbonate. 

Experiment 4. Precipitation of zirconium oxalate, 
(Zr(C20j2-2Zr(OH)J. (a) To a solution of a zirconium 

salt add a solution of oxalic acid. Note the effect of an 
excess in the cold and on warming. 

(h) Use ammonium oxalate as the precipitant. Note 
the solvent action of an excess and the reprecipitation by 
ammonium hydroxide. 

Experiment 5. Precipitation of zirconiwm phosphate, 
(xZvO^-y'Pfi^, basic). To a solution of a zirconium salt 
add sodium phosphate. Orthophosphoric acid precipi¬ 
tates the normal phosphate (Zr3(P04)^). 

Experiment 6. Precipitation of zirconium ferrocyanide, 
(ZrFeCeNe?). To a solution of a zirconium salt add potas¬ 
sium ferrocyanide. 

Experiment 7 * Action of zirconium salts upon turmeric 
paper. Dip a piece of turmeric paper into a solution of a 


* Glass or porcelain dishes must not be us^d when hydrofluoric acid is present. • 
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zirconium salt acidified with hydrochloric acid. Dry on the 
side of a test-tube or beaker, as in testing for boric acid. 
Note the yellowish-red color. 

Experiment 8. Precipitation of zirconium peroxide 
(Zx20f). To a solution of a zirconium salt, faintly acidified, 
add hydrogen dioxide. 

Experiment 9. Negative tests of zirconium salts. Note 
that neither hydrogen sulphide nor potassium fluoride gives 
a precipitate with zirconium salts. Ammonium sulphide 
precipitates the hydroxide, not the sulphide. ^ 





CHAPTER V. 

GALLIUM,* Ga, 69.9. 

Discovery. In 1875 Lecoq de Boisbaudran, who had 
done much work with spectrum analysis, notified the 
Acad^mie des Sciences of his discovery of a new element 
in a zinc-blende from the mine of Pierrefitte in the Pyre¬ 
nees, and proposed for it the name GalHum (Compt. rend. 
Lxxxi, 493; Chem. News xxxii, 159). The individu¬ 
ality of the new body was distinctly indicated by the 
spectroscope, but so small was the amotmt of it in the 
possession of the discoverer that few of its reactions were 
determined. Among the properties which he described, 
however, were the following: the oxide, or perhaps a sub¬ 
salt, was thrown down by metallic zinc in a solution con¬ 
taining chlorides and sulphates; in a mixture containing 
an excess of zinc chloride the new body was the first to 
be precipitated by ammonia; in the presence of zinc it 
was concentrated in the first sulphides deposited; the 
spark spectrum of the concentrated chloride showed two 
violet lines, one of them of considerable briUiance. 

Occurrence. Gallium is fotmd combined, in very small 
amounts, in certain minerals, chiefly zinc-blendes from 
Bensberg on the Rhine, Pierrefitte, and other localities. 
It has been detected in some American zinc-blendes (Chem. 
Ztg. (1880), 443). The Bensberg sphalerite, one of the 
richest sources, contains 0.016 grm. per kho. It has been 
found also in commercial aluminum and iron (Boulanger 
andBardet, Compt. rend, clvii, 718; Ramage, Chem. News 
■cviii, 280). 

Hartley and Ramage obtained the following interesting 
results by means of the spectroscope Qour. London Chem. 

* The discovery of gallium was predicted by Mendel^eff in 1869, and the 
hypothetical element was named Ekaluminum. It was given the atcmnc weight 
of 68, and the specific gravity of 6. 

8s 
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Soc. (1897), 533, 547): the presence of gallium was indicated 
in thirty-five out of ninety-one iron ores examined; in all 
the magnetites, seven in number; in all the aluminum 
ores, fifteen in number, mostly kaolin and bauxite; in 
four out of twelve manganese ores; and in twelve out of 
fourteen zinc-blendes. 

In 1915 McCuteheon noticed some mercury-like globules 
ui)on the .surface of a leady residue from the distillation of 
zinc. vSince the residue had been stfired away in a warm 
place, the* ob.server decided to subji'ct it to the action of moist 
steam. This treatment n suited in a more abundant sepa¬ 
ration of the ])eculiar material, which, from the character 
of its .source and it.s low melting-point, suggestetl the (‘lement 
gallium. It proved to be essentially an alloy of that element 
with indium.* Rough analyses of these; products showed 
the gallium-indium alloy to contain about 10 jx-r cent, of 
indium, with sm:dl amounts of zinc and lead, and spectro¬ 
scopic traces of e(j[>per £ind .silvaT, Tlie leady residue con¬ 
tained about 3 per <vnt. *jf gallium .and indium together. 
It also gavt: spectrosi;opic evidence of the presence of ger¬ 
manium, f 

Extraction, fa) Sjilts of gjillium are obtained by the fol¬ 
lowing process: The minenil is tlis.solved in aqua regia and 
thec.xcess of aei<l ex]x‘]led by boiling. When tlu; .solution is 
cold, pure zinc is udiled, which pr(<:ipitales the iintimony, 
arscmic, hi.smuth, ef>piK*r, cadmium, goUl, leatl, mercury, 
silver, tin, selenium, tellurium, and indium. Them? are 
filtemd off while there is still some evfihition of hyclrfigen, 
anti the filtrate is Ixnled (nnn six t<» twenty-four hours 
with meUillic zinc, tiallium is precijiitatetl as a basic 
salt, together with salts of aluminum, irt»n, zinc, etc. To 
obtain the gallium siilt in a more nearly pure condition 

* IlilWbraml and .Stterrer, J. Ind. Eng. Chem. vm, aai; Brownin* and UhJer, 
Amer. Jour. Sd. xu, js». 

t The examkatitm wat made by Dr. H. S. Ufder d Vale tlnl- 

vereity. 
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the precipitate is dissolved in hydrochloric acid, the solu¬ 
tion is treated with hydrogen sulphide, and after filtra¬ 
tion and the removal of the excess of hydrogen sulphide' 
by boiling, sodium carbonate is added in small portions.. 
The gallium salt is the first to be precipitated, and the pre¬ 
cipitates are collected as long as they show the gallium 
lines in the spark spectrum.* These precipitates arc dis¬ 
solved in sulphuric acid and the solution is diluted largely 
with water and boiled. The basic sulphate of gallium 
which is thus thrown down is dissolved in sulphuric acid,, 
and potassium hydroxide is added in excess. Iron if 
present is removed at this point by filtration and the 
gallium oxide is then precipitated from the filtrate by 
carbon dioxide. The discoverer prepared 62 grams of 
the element from 2400 kilograms of blende, (h) Gallium 
may be obtained from the leady residue from the puri¬ 
fication of zinc (vid. Experiment i). 

The Element. A. Preparation. Gallium in the ele¬ 
mentary condition has been obtained by subjecting an 
alkaline solution of the oxide to electrolysis. 

B. Properties. A gray, lustrous metal, showing green¬ 
ish-blue lights on reflecting surfaces, gallium is malleable 
and fairly hard. Its fusing-point, 30.15° C., is so low 
that it melts readily from the warmth of the hand. In 
water, and in air at ordinary temperatures, it is unchanged; 
when heated in air or oxygen it is oxidized only superfi¬ 
cially ; in fact, it may be heated to redness over a Bunsen 
burner without appreciable change in weight. It combines 
rapidly with chlorine, more slowly with bromine, and not 
at all with iodine unless heat is applied. Gallium is soluble 
in hydrochloric and warm nitric acids, and somewhat 
soluble in potash and ammonia solutions. It alloys easily 
with aluminum, and these alloys decompose cold water 
rapidly. Its specific gravity is $.88. 

* Two violet liaes, 4172 and 4033. 
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Compounds. A. Typical forms. The following com¬ 
pounds of gallium are known: 


Oxides.GaO ? Ga203 

Hydroxide. Ga (OH) 3 ? 

Chlorides.GaCls GaCls 

Bromide. GaBr3 

Iodide. Gals 

Nitrate. Ga2(N03)6 

Sulphate. Gas (804)3 

Double sulphate (alum) Ga2(S04)3-(NH4)2S04*+24H20 
Ferrocyanide. Ga4(FeCcNc)3. 


B. Characteristics. The compounds of gallium resem¬ 
ble those of aluminum in forming alums and in having a 
hydroxide soluble in excess of sodium or potassium hy¬ 
droxide. The salts are colorless and soluble, and in dilute 
solutions tend, on being heated, to become basic and sepa¬ 
rate from the solution. The oxide (GasOs) is insoluble in 
acids and alkalies after ignition. Gallium also resembles 
indium in forming alums, but differs from that element in 
that its hydroxide is soluble in potassium and sodium 
hydroxides. Its alums are less soluble in water than those 
of indium. A very characteristic reaction for gallium is the 
formation of the ferrocyanide in fairly strong hydrochloric 
acid. This reaction is useful in separating it from aluminum, f 

Estimation. Gallium is usually weighed as the oxide (GasOs). 
Separation.^ Vid. Extraction. 

INDIUM, In. 114.8. 

Discovery. Indium was discovered by Reich and 
Richter in 1863, in the course of an examination of two 

* The csesium alum forms more readily than the ammonium alum, and seems 
well adapted for the separation from indium by fractional crystallization, and for 
the micro-chemical detection. 

t Aluminum may be separated from gallium by saturating a solution of the 
chlorides with HCl gas. AICI3 is precipitated (Browning and Porter, Amer‘'Jour. 
Sd. XXIV, 221). 

t For a detailed study of the separation of gallium, see many articles by Lecoq 
de Boisbaudran, Compt. rend, xciv-xcvin. 
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ores consisting mainly of the sulphides of arsenic, zinc, 
and lead (J. pr. Chem. lxxxix, 441). These ores had been 
freed from the greater part of their arsenic and sulphur 
by roasting, and the residue had been evaporated to dry¬ 
ness with hydrochloric acid and distilled. The crude 
chloride of zinc thus obtained was examined with the 
spectroscope for thallium, since the presence of that element 
had been indicated in similar ores from the Freiberg mines. 
Instead of the thallium line, however, appeared one of 
indigo blue never before observed. The color suggested 
the name Indium for the unknown element present. 

Occurrence. Indium occurs in very small amounts, 
combined with sulphur, in many zinc-blendes. It has been 
fotmd in zinc-blende from Freiberg and Breitenbrun in 
Saxony, and from Schonfeld in Bohemia; in christophite, a 
variety of zinc-blende; in zinc prepared from these ores; 
and in the flue-dust from ovens used for roasting zinc ores. 
It has also been found in wolframite from Zinnwald. The 
proportion of indium in the minerals named varies from 
one tenth of one per cent, to mere traces. Lockyer de¬ 
tected it in the atmosphere of the sun. Hartley and Ra- 
mage (Jour. London Chem. Soc. (1897), 533, 547) have dis¬ 
covered it spectroscopically in many iron ores,—notably 
siderites,—in some manganese ores, in zinc-blendes, in 
five tin ores examined, and in many pyrites.* 

■ Extraction. Indium salts may be obtained as follows 
from zinc that has been extracted from indium-bearing 
blendes. The crude metal is nearly dissolved in hydro¬ 
chloric or nitric acid, and the solution is allowed to stand 
twenty-four hours with the undissolved metal. A spongy 
mass, consisting of the indium together with lead, copper, 
cadmium, tin, arsenic, and iron, collects upon the residual 
zinc. This mass is washed with water containing some 

^ further discussion of the wide distribution of this element vid. WemadsM, 
Bull Acad. St. Petersburg (1911), 187 and 1007; Urbain, Compt. rend, cxlix, 
602; Hillebrand and Scherrer, J. Ind. Eng. Chem. vm, 225. 
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sulphuric acid; it is then dissolved in nitric acid anfl «’* 
rated with sulphuric acid until all the nitric acid is re ti 
By this process the lead is precipitated, and it 
removed by filtration. The solution that remains is 1‘•J 
with ammonium hydroxide in excess, and the hyclr'* *•'*<■ * 
of iron and indium are filtered off and dissolved in 
amount of hydrochloric acid. This solution is t *'* •• 
with an excess of acid sodium sulphite and boilec 1. 
dium is precipitated as the basic sulphite (In2(S03)3 - * * 

+ 5H2O). Indium may also be separated from 
treatin” the chlorides with potassium sulphocy:ini j - ' 

exti'ucting the ferric sulphocyanide with ether. ,* * - ' 
may be separated from aluminum and iron by t. r«' ■ ’ 
the chlorides in alcoholic solution with pyridine, 
indium is precipitated as a compound of indium oliT >5 
and pyridine (InCl3-3C5H5N} (Dennis, Ber. Dtsch. » 2^? 
Ges. XXXVII, 961; Renz, ibid, xxxvn, 2110; Matbcr?-'., J 
Amer. Chem. Soc. xxx, 209. Vid. also Experiment t . 

The Element. A. Preparation. Elementary b, 

may be obtained (i) by heating the oxide with cai*1 ■ ?> 
in a current of hydrogen; (2) by heating the oxi:!*- v; 
sodium under a layer of dry sodium chloride; (3) liy * S‘*' 
ing the salts with zinc; (4) by electrolyzing the sis’f <lj 
in the presence of formic acid (Dennis). 

B. Properties. Indium is a soft white metal, loKS ■%*«; 
tile than cadmium and zinc. It melts at 155° C. 

At ordinary temperatures it is stable in the air, but. wli 
heated it ignites and bums with a violet flame %* .* t 
oxide. It does not decompose boiling water. It diK*'.**li 
easily in hydrochloric, nitric, and sulphuric acid? . 
forms alloys with lead and thallium. Its specific 
is given at from 7.1 to 7.4. 

Compounds.* A. Typical forms. The following^ C ir 
pounds of indium are known: 

* The following references will be found helpful: Thiel, Ztsch. . C ii 

XL, 280; Lxvi, 288; Mathers, Jour. Amer. Chem. Soc. XXIX, 485; xxx, ^4^ U 
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Oxides. InO; In203 

Hydroxide. In (OH) 3 

Fluoride. InF 3 + 3H2O 

Chlorides.InCl; InCl2; InCls 

Oxychloride. InOCl 

Indium - hydrochloric 

acid. HjInCla 

Bromide. InBr, 

Iodide. Inij 

Nitrate. In3(N03)8 + 9H30 

Sulphate. In2(SO^)3 

Double sulphates.... In3(SO^), • KjSO^ + 24H2O; 

In2(SO,)3-(NH,)3SO,+ 

24H2O 

Sulphite. In2(S03)3 •In2(0H)e + sHjO 

Sulphides.In2S; InS; In2S3 

Sulpho salts. K2ln2S^; NajIUjS^ 


B. Characteristics. Indium resembles aluminum, iron, 
and gallium in forming alums, but these alums seem to re¬ 
semble those of iron more than those of the other elements. 
It resembles zinc in forming a sulphide with hydrogen sul¬ 
phide, but in the case of indium this salt is yellow. The 
hydroxide is insoluble in both sodium and potassium hy¬ 
droxides, as well as in ammonium hydroxide. Indium 
monoxide is a dark powder slowly soluble in dilute acids. 
The sesquioxide is a yellowish-white powder easily soluble in 
warm acid and more infusible than aluminum oxide. The 
dichloride is formed directly by the union of chlorine with the 
metal, and is a white, crystalline mass; in water it separates 
into the trichloride and the metal. By fusion of the di¬ 
chloride with elementary indium the monochloride is formed, 
— a reddish-black, crystalline substance. The trichloride 
is formed also by the action of chlorine in excess upon 
the metal; it is white like the dichlpride and dissolves in 
water with the evolution of heat. The nitrate and the sul¬ 
phate are readily soluble in water and tend to form basic 
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sulphuric acid; it is then dissolved in nitric acid and evapo¬ 
rated with sulphuric acid until all the nitric acid is removed. 
By this process the lead is precipitated, and it may he 
removed by filtration. The solution that remains is treated 
with ammonium hydroxide in excess, and the hydroxides 
of iron and indium are filtered off and dissolved in a small 
amount of hydrochloric acid. This solution is treated 
with an excess of acid sodium sulphite and boiled. In¬ 
dium is precipitated as the basic sulphite (In2(S03)3 • In^COH)# 
+ 5H2O). Indium may also be separated from iron by 
treating the chlorides with potassium sulphocyanide and 
extracting the ferric sulphocyanide with ether. Jlga'n. it 
may be separated from aluminum and iron by treating 
the chlorides in alcoholic solution with pyridine. The 
indium is precipitated as a compound of indium chloride 
and pyridine (InCls-sCsHsN) (Dennis, Ber. Dtsch. chem. 
Ges. xxxvn, 961; Renz, ibid, xxxvii, 2110; Mathers, Jour. 
Amer. Chem. Soc. xxx, 209. Vid. also Experiment i). 

The Element. A. Preparation. Elementary indium 
may be obtained (i) by heating the oxide with carbon or 
in a current of hydrogen; (2) by heating the oxide with 
sodium under a layer of dry sodium chloride; (3) by treat¬ 
ing the salts with zinc; (4) by electrolyzing the sulphate 
in the presence of formic acid (Dennis). 

B. Properties. Indium is a soft white metal, less vola-, 
tile than cadmium and zinc. It melts at 155° C. (Thiel). 
At ordinary temperatures it is stable in the air, but when 
heated it ignites and bums with a violet flarne to the 
oxide. It does not decompose boiling water. It dissolves 
easily in hydrochloric, nitric, and sulphuric acids. It 
forms alloys with lead and thallium. Its specific gravity 
is given at from 7.1 to 7.4. 

Compounds.* A. Typical forms. The following com¬ 
pounds of indium are known: 

* The following references will be found helpful: Thiel, Ztsch. anorg. Chem. 
XL, 280; Lxvi, 288; Mathers, Jour. Amer. Chem. Soc. xxix, 485; xxx, 86, 211. 
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Oxides. InO; IngOs 

Hydroxide. In(OH)3 

Pltioride. InFs + 3H2O 

Chlorides.InCl; InCl2; InCls 

Oxychloride. InOCl 

Indium - hydrochloric 

acid. HaInCle 

Bromide. InBrj 

Iodide. Inij 

Nitrate. In2(N03)6 + 9H20 

Sulphate. In2(SOj3 

Double sulphates.... In^ (SO J 3 • KjSO^ + 2 4H2O; 

In2(SOj3-(NHj2SO,+ 

24H2O 

Sulphite. lUjCSOj), • In2(OH)o + 5H2O 

Sulphides.In2S; InS; In2S3 

Sulpho salts. K2ln2S^; NUjInjSj 


B. Characteristics. Indium resembles aluminum, iron, 
and gallium in forming alums, but these alums seem to re¬ 
semble those of iron more than those of the other elements. 
It resembles zinc in forming a sulphide with hydrogen sul¬ 
phide, but in the case of indium this salt is yellow. The 
hydroxide is insoluble in both sodium and potassium hy¬ 
droxides, as well as in ammonium hydroxide. Indium 
monoxide is a dark powder slowly soluble in dilute acids. 
The sesquioxide is a yellowish-white powder easily soluble in 
warm acid and more infusible than alimiinum oxide. The 
dichloride is formed directly by the union of chlorine with the 
metal, and is a white, crystalline mass; in water it separates 
into the trichloride and the metal. By fusion of the di¬ 
chloride with elementary indium the monochloride is formed, 
— a reddish-black, crystalline substance. The trichloride 
is formed also by the action of chlorine in excess upon 
the metal; it is white like the dichlpride and dissolves in 
water with the evolution of heat. The nitrate and the sul¬ 
phate are readily soluble in water and tend to form basic 
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salts on being heated. Solutions of indium salts color the 
flame violet and give a characteristic flame spectrum. 

Estimation. Indium is generally determined as the 
oxide (InaOs), obtained by ignition of the hydroxide, or as 
the sulphide (InaSs), obtained by precipitation with hydro¬ 
gen sulphide in the presence of sodium acetate. 

Separation. The separation of this very rare element 
from those elements with which it is usually associated is 
treated under extraction. 

EXPERIMENTAL WORK ON GALLIUM AND 
INDIUM. 

Experiment i. Extraction of indium and gallium from 
the leady residue from purification of zinc (approximate com¬ 
position, Pb 95-6%, In and Ga 3%, Zn 1.2%, Cu traces). 

Dissolve the sample in a small amount of a mixture of 
strong nitric acid and water in equal parts, warming to 
aid solution. Evaporate to dryness, finishing the evapora¬ 
tion on a steam bath. Treat the dry residue with enough 
sulphuric acid (i-i) to precipitate lead sulphate completely; 
warm, filter, and wash with a little sulphuric acid (1-3). 
To the filtrate add ammonium chloride and ammonium 
hydroxide to alkalinity, and boil. Filter off indium hy¬ 
droxide and gallium hydroxide and wash. Dissolve this 
precipitate in a small amount of hydrochloric acid, evapo¬ 
rate to a few cubic centimeters, and test in the flame and 
before the spectroscope for indium. To separate gallium 
treat this solution with a slight excess of sodium hydroxide 
and warm. Wash the residue, dissolve in hydrochloric acid 
and test again for indium. To the filtrate add hydro¬ 
chloric acid to acidity and potassium ferrocyanide. Gallium 
ferrocyanide is precipitated. 

Experiment 2. Formation of indium hydroxide (In(0H)3). 

(a) To a drop of a solution of an indium salt add ammo¬ 
nium chloride and a mmonium hydroxide and boil. Nqte the 
precipitate of indium hydroxide and its insolubility in excess. 
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(b) To another portion add sodium hydroxide. Note 
here also the insolubility in excess. 

Experiment 3. Formation oj gallium hydroxide (Ga(OH)3). 
Repeat the foregoing procedure, using a drop of a solution 
of a gallium salt instead of the indium. Compare the 
solubility of gallium hydroxide with that of indium hydroxide 
in excess of the reagents used. 

Experiment 4. Formation of indium basic sulphite 
(In(0H)S03, typical). To a few drops of a solution of an 
indium salt add a few drops of a solution of acid ammonium 
sulphite, and boil. 

Experiment 5. Formation of gallium ferrocyanide 
(Ga4(FeC6N6)3. Try the action of potassium ferrocyanide 
on an acidified solution of a gallitim salt. Note precipitate. 

Experiment 6. Spectroscopic test for indium. Test a 
solution of an indium salt in the flame, before the spectro¬ 
scope. 

THALLIXIM, Tl, 204. 

Discovery. Some years previous to 1861 Crookes had 
been engaged in the extraction of selenium from a selen- 
iferous deposit which he had obtained from the sulphuric- 
acid manufactory at Tilkerode in the Hartz Mountains. 
Some residues, left after the purification of the selenium,, 
and supposed to contain tellurium, were set aside and 
not examined until 1861, when, needing tellurium, Crookes, 
vainly tried to isolate it by various chemical methods. 
At length he resorted to spectrum analysis and tested 
some of the residue in the flame. The spectrum of selen¬ 
ium appeared, and as it was fading, and he was looking for 
evidence of tellurium, a new bright-green line flashed into- 
view. The element whose presence was thus indicated 
received the name Thallium, from the Greek OaXkos, or 
the Latin thallus, a budding twig (Chem. News in, i94)‘ 

About the same time Lamy announced the discovery 
of the same element (Anti. Chim. Phys. [ 3 ] lxvii, 385 )^' 
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but after much discussion and the presentation of much 
evidence on both sides it was declared that Crookes had 
the priority of discovery. 

Occurrence. Thallium occurs in certain very rare 
minerals: 

Crookesite, (Cu,Tl,Ag)2Se, contains 16-19% T 1 
Lorandite, TIASS2, S9“6o% T 1 

Hutchinsonite, (Tl,Ag,Cu)2S • AS2S3 +PbS • AS2S3, contains 
18-25% Tl 

Vrhaite, (TlAs2SbS5), contains 29-30% TL 

It is fotmd also in very small quantities in berzelianite, 
(Cu2Se); in some zinc-blendes and copper pyrites; in iron 
pyrites from Theux, Namur, Philippeville, Alais, and Nantes; 
in lepidolite from Mahren; and in mica from Zinnwald. 
It ha's been detected, together with cassium, rubidium, and 
potassium, in the mineral waters of Nauheim and Orb. 
Its presence in the flue-dust from some iron furnaces and 
sulphuric-acid works, as well a? in some crude sulphuric 
and hydrochloric acids, may be traced to its presence in 
the pyrites used. It has been found in commercial 
platinum. 

Extraction. Thallium salts may be extracted by the 
following methods: 

(1) From minerals. The finely powdered mineral is dis¬ 
solved in aqua regia. The solution is evaporated with 
sulphuric acid until the free acid has been removed; it is 
then diluted abundantly with water, neutralized with 
sodium carbonate, and treated with potassium cyanide 
in excess. This precipitates the bismuth and lead, which 
are filtered off. The filtrate is treated with hydrogen 
sulphide, which precipitates the cadmium, mercury, and 
thallium as the sulphides. Very dilute sulphuric acid 
dissolves the thallium sulphide, leaving the cadmium and 
mercury sulphides undissolved (Crookes). 

(2) From flue-dust. The material is treated with an 
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equal weight of boiling water in a large wooden tub, and is 
allowed to stand twenty-four hours. The liquid in si¬ 
phoned off and is precipitated with hydrochloric acid.* 
The crude chloride thus obtained is treated with an equal 
weight of sulphuric acid, and heated to expel the hydro¬ 
chloric acid and the greater part of the excess of sulphuric. 
The sulphate obtained is dissolved in water, the solution 
is neutralized with chalk and filtered. By the addition 
of hydrochloric acid to the filtrate, nearly pure thallous 
chloride is precipitated (Chem. News viii, 159). 

The Element. A. Preparation. The element thallium 
maybe obtained (i) by fusing a mixture of thallous chloride 
and sodium carbonate with potassium cyanide; (2) by 
submitting the carbonate or the sulphate to electrolysis; 
(3) by heating the oxalate; and (4) by precipitating with 
zinc from an alkaline solution of a thallous salt. 

B. Properties. Metallic thallium is in color whitish 
to blue gray, with the luster of lead. It is soft and malle¬ 
able and melts at 302° C. It forms alloys with many of 
Vie metals (Kumakow, Zeitsch. anorg, Chem. xxx, 86; Liq 
430; Baar, ibid. Lxx, 352). It oxidizes readily at high 
temperatures, but is not acted upon by water free from air. 
It is soluble in dilute nitric and sulphuric acids. It is a 
poor conductor of electricity. The specific gravity of 
thallium is 11.88. 

Compounds.t A. Typical forms. The following are typ¬ 
ical compounds of thallium: 


Oxides. TI2O TI2O3 

Hydroxides. TlOH Tl(OH)3 

Carbonate. Tl2COa 


* Three tons of dust gave sixty-eight pounds of crude thallous chloride, 
t See also Hawl^, Jour. Amer. Chem. Soc. xxix, 300, loii; Stortenbeker 
Rec. tiav. chim. Pays-Bas, xxvi, 248; Thomas, Ann. chim. phys. xi, [8], 204- 
Franklin, Jour. Amer. Chem. Soc. xxxvn, 2279; BaU, J. Chem. Soc. (London) 
•cm, 2110, 2130; Buchtala, J. prakt. Chem. [2] Lxxxvni, 771; Beurath, Ztschr. 
anorg. Chem. xcm, 161. 
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Chlorides. 

TlCl 

TICI3+H2O 

Double chlorides .. 

TlCl-HgClj; 3TlCl-FeCl»: 

.TlCh-sKCl+sHzO; 


TlCl-AuClj; etc.* 

etc. 

Chlorate. 

TICIO3 


Perchlorate. 

TICIO4 


Bromides. 

TlBr 

TlBr, 

Double bromides.. 


TlBrj-KBr-l-aHjO; 

TlBrj-sTlBr 

Bromate. 

TlBrO, 


Iodides. 

Til 

Tllj 

Double iodides.... 

TII-KI 

Tllj-NHJ 

lodates. 

Tno, 

Tl(IOa)3 

Periodate. 


3XI2O8 • l207“l- 

Thiosulphate. 

TljSjO, 


Sulphides. 

ThS 

TljSa 

Sulphite. 

ThSOg 


Sulphates. 

TI2SO,; TIHSO4 

TlaCSO.), 

Double sulphates.. 

with MgS 04 , ZnS04, CUSO4, etc. 


Alums. 

Tl2S04*Al2(S04)3+ 24H2O; 
TI2SO4 • Fe2(S04) 3-f 24H2O 


Nitrates. 

TINO3 

T1(N03),+ 4H,0 

Phosphates. 

TI3PO4; TI4P2O7; TIPO3 

TlPO.+ zHjO 

Arseniates. 

T 1 ,As 04 

TlAsO.-l-zHjO 

Cyanides. 

TICN 

T1(CN)3-T1CN 

Sulphocyanide.... 

TISCN 


Ferrocyanide. 

Tl4Fe(CN)6-f2HjO 


Silicofluoride. 

Tl2SiFe 


Chromates. 

Tl2Cr04; Tl2Cr207 


Chloroplatiuate ... 

Tl3PtCl0 


Molybdate. 

TI2M0O4 


Tungstate. 

TI2WO4 


Vanadates. 

TI3VO4; TI4V2O7; TlVOa 



B. Characteristics. Thallium, compounds are known 
in two conditions of oxidation, the thallous, (TljO), and 
the thalHc, (Tl^O,). The lower condition is the more stable; 
consequently the thallous compounds are the more numer¬ 
ous and the better knowm. When the metal is allowed 
to oxidize in the air it forms the thallous oxide, but when it 
is melted in an atmosphere of oxygen, thallic oxide is ob¬ 
tained. Thallic chloride, bromide, and iodide may be 
formed by treating the corresponding thallous salts with 
* Vid. also Korreng, Chem. Zenti. (1914) i, 610. 
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an excess of chlorine, bromine, and iodine, respectively. 
In general, the thallous salts may be oxidized to the thallic 
form by strong oxidizing agents, such as potassium per¬ 
manganate, lead dioxide, barium dioxide, etc. Thallium 
in the lower condition resembles the alkalies potassium, 
caesium, and rubidium in having a soluble hydroxide, car¬ 
bonate, and sulphate, and an insoluble chloroplatinate and 
cobaltic nitrite; also in forming alums. It resembles lead 
in forming an insoluble stdphide and chromate, and in 
having halogen salts difficultly soluble in cold water but 
readily soluble in hot water. The thallous salts are color¬ 
less when the base is combined with a colorless acid. The 
sulphide is brownish black. The thallic salts are in gen¬ 
eral unstable, and on being heated with water tend to 
precipitate the oxide (T1203-H20). They may be easily 
reduced to the lower condition by the action of redudng 
agents. They may be formed by the careful treatment 
of thallic oxide with acids as well as by the action of strong 
oxidizing agents upon the thallous salts. Thallic hydroxide 
is insoluble, and resembles ferric hydroxide in color. The 
halogen salts, the nitrate and the sulphate of thallium in 
the thallic condition are soluble. Solutions of thallium 
salts in either condition of oxidation give to the flame a 
characteristic green color. 

Estimation.* A. Gravimetric. Thallium is generally 
weighed in the.thallous condition (i) as the chloroplati¬ 
nate, (TljPtClg), after precipitation by chloroplatinic acid 
(Crookes, Select Methods, Second Edition, 380); (2) as the 
iodide (Til), after precipitation by potassium iodide 
(Werther, Zeitsch. anal. Chem. ni, i, and J. B. (1864), 712; 
Long, Zeitsch. anal. Chem. xxx, 342); (3) as the chro- 

*See also Hebberling, Liebig Annal. oocxv, 207; Phipson, Compt. rend. 
XXVOT, 563; Neumann, Liebig Annal. ccxliv, 349; Feit, Zeitsch. anal. Chem. 
xxvin, 314; Carnot, Compt. rend, ax, 177; Sponholz, Zeitsch. anal. Chem. 
XXXI, 519; Thomas, Compt. rend, cxxx, 1316; Marshall, Jour. Soc. Chem. Ind. 
XIX, 99Z 
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mate (Tl 2 Cr 04 ), after precipitation in alkaline solution by 
potassium chromate (Browning and Hutchins, Amer. 
Jour. Sci. [4] VIII, 460); (4) as the sulphate (TI2SO4), after 
evaporation of appropriate salts with sulphuric acid in ex¬ 
cess and ignition at low red heat, or as the acid sulphate, 
(TIHSO4), obtained by substituting for ignition heating at 
220^-240° C. (Browning, Amer. Jour. Sci. [4] ix, 137). It 
may be estimated also by weighing the gold precipitated 
according to the equation; 3TiLi+2x\.uBr3 = 2Au4-3TlClBr2' 
(Thomas, Ann. chim. phys. xi [8], 204). 

B. Volumetric. Thallium is estimated volumetric- 
ally (i) by the oxidation of thallous salts with perman¬ 
ganate (Crookes, Select Methods, Second Edition, 381); 
(2) by the action of potassium iodide upon thallic salts, 
as shown in the following equation (Thomas, Compt. rend, 
cxxxiv, 6ss): TICI3 + 3KI =T 1 I+ 3KCI3 + I,. 

Separation.* In the more stable thallous condition, to 
which thallic salts may readily be reduced, thallium may 
be separated as follows: from the metals which give 
precipitates with hydrogen sulphide in acid (but not acetic) 
solution, by hydrogen sulphide; from elements which 
form insoluble hydroxides with the alkali hydroxides, by 
these reagents; and from the alkalies and alkali earths, 
by ammonium sulphide. 


EXPERIMENTAL WORK ON THALLIUM, 

Experiment 1. Extraction of thallium salts from flue- 
dust, The method described under Extraction may be 
followed. 

Experiment 2. Precipitation of thallous chloride, bro¬ 
mide, and iodide (TlCl; TlBr; Til), {a) To a solution of 
a thallous salt add hydrochloric acid or a chloride in solu- 


* See Crookes, Select Methods, Second Edition, 382-386. 
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tion. Note the solvent action of boiling water. Try 
the effect of cooling the hot solution. 

(b) Repeat the experiment, using potassium bromide 
as the precipitant. 

(c) Try similarly potassium iodide. 

Experiment:^. Precipitation of thallium chloroplatinate 

(Tl2PtClo). To a solution of a thaUous salt add a few 
drops of a solution of chloroplatinic acid. 

Experiment 4. Precipitation of thallium cohaltic nitrite. 
To a solution of a thallous salt add a few drops of a solu¬ 
tion of sodium cobaltic nitrite. 

Experiment 5. Precipitation of thallous chromate 
(Tl^CrOJ. To a solution of a thallous salt add some potas¬ 
sium chromate in solution. Try the action of acids upon 
the precipitate. 

Experiment 6. Precipitation of thallous sulphide (Tl^S). 
(a) Through a solution of a thallous salt acidified with 
dilute sulphuric acid pass hydrogen sulphide. Note the 
absence of precipitation. Divide the solution, and to one 
part add ammonium acetate and to the other ammonium 
hydroxide. 

(6) Try the action of ammonium sulphide upon a thal¬ 
lous salt in solution. 

Experiment 7. Oxidation of thallous salts, (o) To 
a solution of .a thallous salt acidified with sulphuric 
acid add gradually a little potassium permanganate. 
Note the disappearance of the color of the perman¬ 
ganate. 

(Jb) To a solution of a thallous salt add bromine 
water until the color of the bromine ceases to fade. 
To one portion add a few drops of a solution of a 
chioride or bromide. Note the absence of precipitation. 
To another portion add sodium or potassium hydroxide. 
Note the precipitation of brown thallic hydroxide^ 
(TlzOa-HsO). 

Experiment 8. Reduction of a thallic salt. To a solution 
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of a thallic salt formed, for example, as in Experiment 7 (&) 
add stannous chloride. Note the precipitation of thallous 
chloride (TlCl). 

Experiment g. Flame and spectroscopic tests for thal¬ 
lium salts, (a) Dip the end of a platinum wire into a solu¬ 
tion of a thallium salt and hold it in the flame of a Bunsen 
burner. Note the green color. 

(b) Examine spectroscopically the flame colored by a 
solution of a thallium salt. Observe the green line. 

Experiment 10. Negative tests of thallous salts. Note 
that sulphuric acid and the alkali hydroxides and car- 
bcmates give no precipitate with solutions of thallous salts. 



CHAPTER VI. 


TITANIUM, Ti, 48.1. 

Discovery. In the year 1791 McGregor (Crell Annal. (1791) 
I, 40, 103) discovered a new “metal’’ in a magnetic sand 
found in Menachan, Cornwall. This sand he named Mena- 
chinite, and the newly discovered element Menachite. Four 
years later Klaproth announced the discovery of a new earth 
in a rutile which he was engaged in studying (Klapr. Beitr. 
I, 233). To the metal of this earth he gave the name Tita¬ 
nium, in allusion to the Titans. In 1797, however, he 
found that titanium was identical with menachite (Klapr. 
Beitr. II, 236). 

Occurrence. Titanium is found combined in many 
minerals, but never in considerable quantity in any one 
locality. 

Contains Ti02 


Rutile, Ti02. 90-100% 

Dicksbergite, vid. Rutile. 90-100% 

Brookiie, TiOj. 90—100% 

Octahedrite, TiO^. 90-100% 

Pseudobrookite, Fe^(’TiO^)3. 44- 53% 

Perofskite, CaTiOj. 58- 59% 

Ilnienite, FeTiOg. T. 3- 59% 

Magnetite, Fe0-F''o03. o- 6% 

Bauxite, AI2O3 • 2H2O. 0-4.5% 

Geikielite, MgO-TiOa. 67- 68% 

Senaite, (Fe,Pb)0-2(Ti,Mn)02. 57- 58% 

TJhligite, Ca(Ti,Zr)05-Al(Ti,Al)06.48- 49% 

Arizonite, Fe2Ti303. 56- 57% 

Moltengraaffite, titano silicate. 27- 28% 
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Zirkelite, (Ca.Fe)O •2(Zr,Ti,Th)0,. 

Knopite, RO-TiOj. 

Derbylite, 6FeO • sTiO^ • SbjOj. 

Lewisite, 5Ca0-2Ti03-3Sb205. 

Mavtzeliite, 4(Ca,Pb)0 -TiO^ • 2Sb205. 

Titanite, CaTiSiOj. 

Neptunite, R^RTiSi^Ojj. 

Keilhauite, complex silicate.. 

Schlormenite, 3Ca0(Fe,Ti)203 •3(Si,Ti)02. 

Guarinite, CaTiSiOs. 

TschefEkinite, complex silicates. 

Astrophyllite, (Na,K)4(Fe,Mn)4Ti(Si04)4.. 

Leucosphenite, Na4Ba(Ti0)2(Si205)5. 

Jolinstrupite, complex silicates. 

Mosandrite, “ “ . 

Rhonite, “ “ . 

RinMte, “ “ . 

Narsarsiikite, “ “ . 

Benitoite, BaTiSisOg. 

Lorenzenite, Na2(Ti0)2Si207. 

Delorenzite, complex. 

Dysanalyte, 6(Ca,Fe)Ti03-(Ca,Fe)Nb20e. .. 
Pyrochlore, RNbjOe • R(Ti,Th) O3,. 

Ill III 

^Eschynite, ]^Nb40i3-R2(Ti,Th)50i3. 

Polymignite, 5RTi03 • sRZr03 • RCNb.Ta)^©,, 

Yttrocrasite, complex titanite. 

Marignacite, vid. Pyrochlore. 

n m 

Euxenite, R(Nb03) 3 • R2(Ti03)3 • IH2O. 

Ill ni 

Polycrase, R(Nb03)3 • 2R(Ti03)3- 3H2O. 

Blomstrandite, complex.,.. 

Yttrotitanite vid. Keilhauite. 


14- 15% 

54- 59% 
34- 35% 

11- 12% 
7 - 8 % 

34- 42% 

17- 18% 
26- 36% 

12- 22% 

33- 34% 
16- 21% 

7- 14% 

13- 14% 
7 - 8 % 
5 - 10% 

9- 10% 
13- 14% 

14% 

20% 

3 5% 
66 % 

40- 59%' 
5- 14% 

21- 22% 

18- 19% 

49- 5 °% 
2- 3% 

20- 23% 

25- 29% 1 

10- 19% 


Titanium has been found also in sand on the banks of the 
North Sea. in some mineral waters, in certain varieties of 
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coal, in meteorites, and by means of the spectroscope it - ■ 
has been detected in the atmosphere of the sun. It has 
been found in the ash of oak, apple, and pear wood, in 
cow peas, in cotton-seed meal, and in the bones of men 
and animals. Vid. also Baskerville, Jour. Amer. Chem. 

Soc. XXI, 1099. 

Extraction. Titanium salts may be extracted from 
rutile by the following methods: 

(1) The mineral is fused with three parts of a mixture- 
of sodium and potassium carbonates and the fused mass 
is extracted with water. The titanium, as a sodium or 
potassium titanate, remains, together with some tin and 
iron, in the insoluble residue. This mass is treated with 
strong hydrochloric acid until dissolved. The solution is. 
then diluted, and the tin is removed by hydrogen sulphide. 

The sulphide of tin is filtered off, the filtrate is made am- 
moniacal with ammonium hydroxide and again treated 
with hydrogen sulphide. The iron is precipitated as the 
sulphide, and the titanium as the hydroxide. After filtra- , 
tion the precipitate is suspended in water and a current 
of sulphur dioxide is passed through until the black sul¬ 
phide of iron has dissolved, leaving the oxide of titanium. 

(2) The mineral is fused with three parts of acid potas¬ 
sium fluoride and the fused mass is extracted with hot water 
and a little hydrofluoric acid. The titanium separates, on 
cooling, as the potassium fluotitanate (K^TiPj + H^O). 

(3) The mineral, finely pulverized, is fused with three 
times its weight of sodium dioxide and the melt is extracted 
with water. The titanium remains in solution (H. D. 

Newton). 

(4) The mineral is fused with six parts of acid potassium: 
sulphate {vid. Experiment i). 

(5) The mineral is mixed with carbon and heated ia 
the electric furnace.* The carbide thus formed is con- 

* The mmeral ilmenite may be mixed with sodium sulphate and carbon and 
heated in an electric furnace (Rossi and Barton, XJ. S. Patent 1,171,542, Feb. 1916.)* 
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‘ verted into the chloride by heating it with dry chlorine 
(Stabler, Ber. Dtsch. chem. Ges. xxxviii, 2619). 

(6) The mineral is heated to 1000° and chilled in water. 
■ The powder is mixed with aluminum (one-half its weight) 
and ignited by burning magnesium. On heating the metal 
obtained to a red heat in a current of dry chlorine titanium 
tetrachloride distils (Ellis, Chem. News, xcv, 122). 

The Element. A. Preparation. Elementary titanium 
may be obtained (i) by heating potassium fluotitanate 
with potassium (Berzelius and Wohler); (2) by heating 
the chloride (TiCb) in a bomb with metallic sodium (Hunter, 
Jour. Amer. Chem. Soc. xxxii, 330). Vid. also Weiss, 
Zeitsch. anorg. Chem. lxv, 345; Zely and Hamburger, ibid. 
Lxxxvn, 209. 

B. Properties. As prepared by Hunter, titanium resem¬ 
bles polished steel. It is quite brittle when cold and readily 
malleable at low red heat. It does not decompose w'ater 
at ordinary temperatures and acts on heated water but 
slightly. When heated in the air it combines with the 
oxygen, burning brightly to the oxide (Ti02); in oxygen 
the combination is accompanied with brilliant light. Ti¬ 
tanium is readily soluble in warm hydrochloric acid, and 
is attacked by dilute hydrofluoric, nitric, sulphuric, and 
acetic acids. It combines with chlorine. It combines also 
with nitrogen, forming nitrides. It melts at 1794° C. 
(Bmgess), and its specific gravity is 4.5. It forms alloys 
with many elements. 

Compounds. A. Typical forms. The following are typ¬ 
ical compounds of titanium: 

Oxides. .. TiO; (^30,); Tifi ,; (Ti^O.^); TiO^; (Tip,); TiO, 


Hydroxides Ti(OH)4* Ti(OH)a 

Chlorides .. TiCla TiCl, 

Bromide. .. TiBr, 

Iodide. Til, 

4 


Orthotitanic add. 
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Fluoride.. . 


TiP 4 

Titanofluor- 


I 

ides. 


R2TiF6, etc. 

Sulphides.. 

TiaSs 

TiS 2 

Sulphates.. 

Ti 2 (S 04)3 

Ti(S 04)2 

Nitrides *.. 


Ti 3 N 4 ; TisNe; TiN2 

Carbide . . . 


TiC 

Silicide. . . . 


TiSi 

Titanates (meta) 


RTiOg; RaTiOa 

Acids {vid. Hydroxides) ... 

HsTiOa 


B. Characteristics. Although a number of oxides of 
titanium are known, the dioxide is the form generally- 
found, and the salts of that type are by far the most numer¬ 
ous and important. The oxide (Ti02) resembles the oxide 
of zirconium (ZrOa) in acting as a weak base. It forms 
salts with the strong acids, but does not combine with the 
weak acids. It unites with the strong bases to form titc - 

ir I ^ 

nates, (RTiOs and R2Ti03). It has less basic and more 
acidic properties than the oxide of zirconium. The tetra¬ 
chloride is a colorless liquid which fumes in the air. 
Practically all the salts of titanium are insoluble in water, 
the presence of free acid being necessary to prevent the 
formation of insoluble basic compounds. Titanium, in 
its behavior toward reagents, resembles quite closely both 
niobium and tantalum, with which it is often, found asso¬ 
ciated {vid. Occurrence). 

Estimation.t A. Gravimetric. Titanium is usually pre¬ 
cipitated as the acid, either by ammonium hydroxide 
or by boiling a dilute solution acidified with acetic or 
sulphuric acid; the precipitate is ignited and the element 
is determined as the oxide (Ti02). 

* Vid. Ruff, Ber. Dtsch. chem. Ges. XLV, 1364, for recent work on nitrides, 
and ammono compounds. 

t For estimation in ores, see Teclinical Methods of Ore Analysis, Low, John 
Whey & Sons, New York, 1906. 
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B. Volumetric.* Titanium is estimated volumetrically 
'(i) by treating with hydrogen dioxide a definite amount 
■of the titanium solution to be determined and com¬ 
paring its color with that of a definite amount of a 
^standard solution of titanium similarly treated (Weller, 
^er. Dtsch. chem. Ges. xv, 2592); (2) by reducing the 
titanium from the dioxide to the sesquioxide condition, 
by the use of zinc and hydrochloric acid, and then oxidiz¬ 
ing it with permanganate (Osborn, Amer. Jour. Sci. [3] 
^xxx, 329); (3) by reducing the titanium from the dioxide 
to the sesquioxide condition in an atmosphere of hydro¬ 
gen, by means of zinc and sulphuric acid, then oxidizing it 
by an excess of ferric salt, and estimating the titanium 
originally present by titrating with potassium permanga¬ 
nate the ferrous salt formed (Newton, Amer. Jour. Sci. 
sxv (1908), 130). 

Separation. The general method for the separation 
of titanium from the other members of the aluminum 
group is to boil dilute acidified solutions (vid. Gravimetric 
Estimation). The titanium precipitate, however, carries 
■down traces of other elements, as alumin u m and iron. 

From iron titanium may be separated (i) by passing 
liydrogen sulphide into an alkaline solution to which am¬ 
monium tartrate has been added,—^the iron sulphide being 
precipitated (Gooch, Amer. Chem. Jour, vii, 283); (2) by 
treating a mixture of ferrous sulphide and titanic acid 
with sulphur dioxide (vid. Extraction); (3) by boiling a 
neutral solution with hydrogen dioxide,—^metatitanic acid 
being precipitated; (4) by shaking a solution of the chlorides 
with ether, the ferric chloride dissolving. 

Prom aluminum titanium may be separated by boiling 
•a solution containing them, in the presence of an aiv^li 
acetate and of acetic add to about seven per cent, of the 

* Vid. also van Brunt, Jour. Amer. Chem. Soc. xxxvi, 1426; Knecht and 
Neumann, Ztschr. angew. Chem. xxvi, 613, 734; xxvn, 56; McCabe, T. Ind 
:Eng. Chem. v, 735. ’ •' 
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whole solution,—titanium basic acetate being precipitated 
(Gooch, Amer. Chem. Jour, vii, 283). 

From both iron and aluminum titanium may be sepa¬ 
rated by precipitation with '' cupferron ’’ (Thornton, Amer. 
Jour. Sci. [4] XXXVII, 407; Bellucci, Gazz. chim. ital. xliii, 

I, 570). It may also be separated from these elements as 
the phosphate in acid solution (Jamieson and Wrenshall, 

J. Ind. Eng. Chem. vi, 203). 

From cerium and thorium titanium may be separated by 
precipitating the double sulphates of those elements with 
potassium sulphate. Methods for the separation from 
zirconium have already been given {vid. Zirconium). From 
niobium and tantalum titanium may be separated* by 
repeated fusions with acid potassium sulphate and extrac¬ 
tions of the melt with water,—the titanium being in soluble 
form. A satisfactory separation of niobium from titanium 
may be effected by crystallizing the niobium-potassium 
oxyfluoride from 35% hydrofluoric acid. The titanium 
remains in solution (C. W. Balke and E. F. Smith, Jour. 
Amer. Chem. Soc. xxx, 1637). 

EXPERIMENTAL WORK ON TITANIUM. 

Experiment i. Extraction of titanium salts from rutile. 
(a) Mix 5 grm. of finely powdered mineral with about 30 grm. 
of acid potassium sulphate and fuse until the mass is free 
f.om black particles. Pulverize the fused mass and ex¬ 
tract with cold water, stirring frequently until solution 
is complete. Filter, and to the filtrate add ammonium sul¬ 
phide, filter and wash. Suspend the precipitate, which 
consists mainly of titanium hydroxide and ferrous sulphide, 
in water, and pass a ctuxent of sulphur dioxide through the 
liquid, or add a solution of ammoniiim bisulphite, until the 
ferrous sulphide has dissolved, as shown by the disappear¬ 
ance of the . dark color. Filter, and wash the titanium hy- 

droxide which remains. __ 

* E. F. Smith, Proc. Amer. Philos. Soc. xuv (1905), 151, 177. 
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(fe) Alternative method. After having dissolved the fused 
mass in cold water (vid. (a)) add about 20 grm. of tartaric acid 
and make the solution faintly ammoniacal. Pass hydrogen 
sulphide until the iron is completely precipitated. Filter, 
add about 10 cm.® of concentrated sulphuric acid to the 
filtrate, and evaporate in a porcelain dish under a draught 
hood until the tartaric acid is thoroughly carbonized. 
Allow the mass to stand until cool, add water, keeping the 
liquid cool to prevent the precipitation of the titanium 
hydroxide, and decant from the carbon residue. Filter 
the brown liquid through animal charcoal previously freed 
from phosphates, and precipitate the titanium hydroxide 
with ammonium hydroxide (R. G. Van Name). The tartaric 
acid may be decomposed by fuming nitric acid and the 
titanium quantitatively determined (W. ^M. Thornton, 
Amer. Jour. Sci. xxxiv," 214). 

Experiment 2. Precipitation of titanium hydroxide, 
(Ti(0H)4).. (a) To a solution containing titanium add 
sodium, potassium, or ammonium hydroxide. Note the 
comparative insolubility in excess, especially in ammo¬ 
nium hydroxide. Repeat, having hydrogen dioxide present 
in the solution. 

(h) Repeat the experiment, using the alkali carbonates. 
-Thd "precipitate is the same as in (a). 

’{c) Note the solubility of the freshly precipitated hy- 
"droXide' in the common acids. 

(i) Ignite a portion of the precipitate and try its solu¬ 
bility in acids. 

Experiment 3. Precipitation of titanic hydroxide or 
acid by boiling. (a) Boil a dilute acid solution of titanic 
hydroxide. Note the precipitation. Filter, and test the 
filtrate with ammonium hydroxide. 

(b) To a solution of titanic acid containing enough 
free acid to prevent precipitation on boiling, add ammo¬ 
nium acetate. Try similarly sodium thiosulphate. 

Experiment 4. Precipitation of basic titanic phosphate^ 
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(Ti(0H)P04). To a solution containing titanic acid add a 
little sodium phosphate in solution. Repeat, having hydro¬ 
gen dioxide present in the solution. 

Experiment 5. Color tests oj solutions containing 
titanium, (a) To an acid solution containing titanium 
add hydrogen dioxide. Note the yellow color (TiOs in 
solution). 

ih) To a solution containing titanium add a piece of 
metallic zinc and enough acid to start the action. Note 
the violet color which develops. 

Experiment 6. Negative test of titanium compounds. 
Pass hydrogen sulphide through a solution containing 
titanium. Note the absence of precipitation. 

GERMANRIM * Ge, 72.5. 

Discovery. In 1886 Clemens Winkler announced the 
presence of a new element in the silver mineral argyrodite, 
which had been discovered the previous year by Weisbach, 
in the Himmelsfurst mine near Freiberg (Ber. Dtsch. 
chem. Ges. xix, 210). According to Winkler’s analysis, 
of argyrodite, the sum of its component parts was seven per 
cent, less than it should have been; and although he re¬ 
peated the analysis several times with great care, the out¬ 
come was always the same. This uniformity of result forced 
upon him the conclusion that an unknown element was 
probably present; and after much careful and patient work 
he was successful in isolating it and investigating its prop¬ 
erties. On heating the mineral out of contact with the air, 
he obtained a dark-brown fusible sublimate, which proved 
to be chiefly two sulphides, that of the new element, named 
by him Germanium, and the sulphide of mercury. 

* The discovery of this element was predicted by Mendel6eff in 1869 and the 
hypothetical element was named EkasiUcon. It was given an atomic weight of 
72, and a specific gravity of 5.5. Its 03 dde, chloride, ethide, and fluoride, as 
described by Mendd6eff, resemble closely the corresponding compounds of Ge. 
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Occurrence. Germanium is found in combination in a 


few rare minerals. 

Contains 

Ge 

Argyrodite, . 6-7% 

Canfieldiie, 4AgjS • (Ge,'Sn)S2.■.1.82% 

III III 

Etixenite, R(Nb03)3 ‘ ^2(^103)3 • I-H2O.traces 


It occurs also in some zinc-blendes (Urbain,* Compt. rend. 
cxLix, 602; CL, 1758). It has recently been found in a sul¬ 
phide from Missouri, and in a blende from Wisconsin 
(Buchanan, J. Ind. Eng. Chem. vin, 585). 

Bardet * has found evidence of its presence in a number 
of French mineral waters (Compt. rend, clvii, 224). Uhler 
has found it to be present also in the “ leady residue ” 
from which gallium and indium have been extracted {vid. 
page 84). 

Extraction. Germanium salts have been extracted as 
follows; 

(1) A Hessian crucible is heated to redness, and small 
quantities of a mixture consisting of three parts of sodium 
carbonate, six parts of potassium nitrate, and five parts of 
argyrodite are gradually put in. After being heated for 
some time the molten mass is poured into an iron dish and 
allowed to cool. The salt mass may then be removed from 
the silver, pulverized, and extracted with water. The 
extract is treated with sulphuric add and evaporated 
until all tjie nitric acid is driven off. The residue is dis¬ 
solved in water and allowed to stand until the oxide of 
germanium separates from the solution. 

(2) Treat the finely powdered zinc-blende with strong 
sulphuric add, and evaporate to dryness. Dissolve in 
water and add sodium sulphide. Treat the sulphide with 
sulphuric acid (15 : 100). The sulphide of germanium 


* Urbain obtained s grm. of germanium from 550 kilos of a Mexican blende 
nnd Bardet 0.06 grm. of Ge02 from 250,000 liters of Vicky mineral water. 
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remains, and the sulphide of zinc dissolves (Urbain, Compt. 
rend, cl, 1758; vid. also Bardet, ibid. CLViii, 1278). 

(3) The substance containing germanium is dissolved in 
strong hydrochloric acid, and the solution is distilled to about 
one-half its volume in a current of chlorine,* a condition neces¬ 
sary to keep the aisenic in the higher condition of oxidation. 
The germanium is in the distillate, and may be precipitated 
from this by hydrogen sulphide in the presence of strong 
hydrochloric acid (Buchanan, J. Ind. Eng. Chem. viii, 585). 

The Element. A. Preparation. Elementary germanium 
may be obtained (i) by heating the oxide with carbon; 
(2) by heating the oxide in a current of hydrogen. 

B. Properties. Germanium is a grayish-white, metallic 
element, having a fine luster, and crystallizing in regular 
octahedra. It volatilizes slightly when heated in hydrogen 
or nitrogen at about 1350° C.; its melting-point is about 
900° C. In the air it does not oxidize at ordinary tem¬ 
peratures, but when heated goes over to the oxide GeOj. 
It is not attacked by dilute hydrochloric acid, is oxidized 
.by nitric acid, and is dissolved by aqua regia. It is dis¬ 
solved also by sulphtuic acid, with the evolution of sul¬ 
phur dioxide. It combines directly with chlorine, bromine, 
and iodine. Its specific gravity is 5.46. 

Compotmds. A. Typical forms. The following are typ¬ 
ical compounds of germanium: 


Oxides.GeO GeOj 

Chlorides.GeCl2 GeCU 

Oxychloride. GeOCl2 

Bromide. GeBr4 

Iodide. GeT 

Fluoride. GeF4;KsGeF«; HjGeFe 

Sulphides.GeS GeS, 

Chloroform. GeHCl, 

Ethyl. Ge(CjHj), 


* Other oxidizing agents mayalso be used, such as potassium permanganate or 
potassium dhromate. Browning and Scott, Amer. Jour. Sci. xliv, 3^35 xxvi, 663)^ 
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B. Characteristics, The germanitiin compounds are 
known in two conditions of oxidation; those of the higher 
form are the more stable and comprise the larger group. 
Germanium resembles carbon and silicon in the formation 
of a chloroform, and tin in the formation of two sulphides 
which dissolve in ammonium sulphide, giving sulpho salts. 
The sulphide GeSg is a white powder slightly soluble in 
water, and less soluble in strong hydrochloric acid. It is 
soluble in ammonia and in the alkali sulphides. The lower 
sulphide, GeS, when precipitated, is of a reddish-brown color; 
when obtained by the reduction of the higher sulphide it 
is a grayish-black crystalline substance of metallic luster. 
This sulphide, also, is slightly soluble in water. The dioxide 
is a white powder soluble in alkalies, but almost completely 
insoluble in acids. The tetrachloride is a liquid which 
fumes in damp air and is decomposed by water. A very 
characteristic reaction for this element is the precipitation 
of gelatinous potassium-germanium fluoride, K2GeFG, by 
the addition of hydrofluoric acid and potassium chloride to 
solutions containing it (Kruss and Nelson, Ber. Dtsch. 
chem. Ges. xx, 1696; Buchanan, J. Ind. Eng. Chem. viii, 
585). Germanium compounds give a characteristic spark 
spectrum in the blue and violet. 

Estimation. Germanium is usually precipitated as the 
sulphide, converted by nitric acid into the oxide (Ge02), 
and weighed as such. 

Separation. Germanium may be separated from most of 
the elements by the formation of a soluble sulpho salt with 
ammonium sulphide; when the solution is acidified the 
sulphide is precipitated. Germanium may be separated 
from arsenic, antimony, and tin as follows: the solution of 
the sulpho salts is exactly neutralized with sulphuric acid, 
allowed to stand twelve hours, and filtered; the filtrate is 
evaporated to a small volume, treated with ammonia and 
sulphate of ammonium, acidified with sulphuric acid, and 
saturated with hydrogen sulphide. Germanium sulphide 
precipitated (Truchot, Les Terres Rares, 294). 
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Discovery. As early as i8oi Del Rio announced the 
discovery of a new metal in a lead ore from Zimapan, 
Mexico. He named it Erythronium (epvSpos, red), be¬ 
cause its salts became red when heated with acids 
(Annal. der Phys. u. Chem. lxxi, 7). Four years later 
Collet Descotils examined the supposed metal and pro¬ 
nounced it -an impure oxide of chromium,—a conclusion 
that Del R.io himself came to accept (Ann. de Chim. liii, 
268). 

In 1830 Sefstrom found an unknown metal in an iron 
ore from Taberg, Sweden. He proposed for it the name 
Vanadium, from Vanadis, the Scandinavian goddess more 
commonly known as Frej-a (Amer. Jour. Sci. [i] xx, 386) 
Almost immediately Wohler showed the identity of vans' 
dium with the metal described by Del Rio (Pogg. Annal. 
XXI, 49). 

Occtirrence. Vanadium is found quite widely distributed, 
always in combination, and in very small quantities: 


Contains 

V2O5. 

Vanadinite, (PbCl)Pb4(VOj3. 8-21% 

Descloizite, (Pb,Zn)j(OH)VO^. 20-22% 

Eusynchite, vid. Descloizite. 17-24% 

Dechenite, vid. Descloizite.45-47% 

Cuprodescloizite, (Pb,Zn,Cu)2(0H)V04. 17-22% 

Calciovolborthite, (Cu,Ca)2(0H)V04.37-39% 

Carnotite,* K20-2XJ03-V205-8H20. 19-20% 


* Amer. Jour. Sci. x, 138; xxxni, 574. 
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Contains V20sm 

Brackebuschite, formula doubtful. 24-25% 

Psittacinite, formula doubtful. 17-2 6 % 

Volborthite, . 14-15% 

Pucherite, BiV04. 22-27% 

Roscoelite, silicate, formula doubtful. 21-29% 

Ardennite, traces-9% 

Mottramite, (Cu,Pb)5V20io* 2H2O. i7-iS% 

Chileite, vtd. Mottramite. 13-14% 

Vanadiolite, silico-calcium vanadate. 44-45% 

Vanadic ocher. 100% 

Bismuth ocher, formula doubtful.1-29%. 

Patronite,* VS4+nS.■.18-19% V. 

Sulvanite, 3Cu2S-V2S5. 12-14% 

Pintadoite, Ca2V207 *91120. 39-40% 

Uvanite, (U02)2V60i7* 15H20. 37-38% 

V2O4 

Minasragrite, ¥204*3803* 16H2O. (24-25%) 

Fernandinite, Ca0*V204*5V205 *141120 (10-11%) 55-56% 

Hewettite, H2CaVG0i7*8H20.( i- 2%) 69-70% 

Metahewettite, vtd. Hewettite. 

Pascoite, Ca2VG0i7* 11H20. 64-65% 

Aegirite, complex silicate. 3- 4% 

Aegirite-Augite, complex silicate. 2-3% 


Vanadium has been detected also in some copper, lead, 
and iron ores, in certain clays and basalts, in soda ash and 
phosphate of soda, and in some hard coals. 

Extraction. Vanadium salts may be extracted from 
mineral sources by the following methods. 

(i) The mineral is fused with potassium nitrate, and 
the potassium vanadate thus formed is extracted with water. 
By the addition of a soluble lead or barium salt to the 
solution the lead or barium vanadate is precipitated. This 
insoluble vanadate is decomposed by means of sulphuric 


* Hillebrand, Jour. Amer. Chem. Soc. xxrx, 1019. 

























VANADIUM. 


109 


acid, and the barium or lead sulphate is filtered off. By 
saturation of the filtrate - with ammonium chloride the 
ammonium vanadate is precipitated. 

(2) Finely ground camotite is decomposed by nitric acid, 
and the solution is treated with sodium hydroxide and 
sodium carbonate; the vanadium is left in soluble form as 
sodium vanadate. If vanadinite is used instead of camotite 
the lead must be precipitated from the nitric acid solution 
by hydrogen sulphide, and the excess of hydrogen sulphide 
removed from the filtrate by boiling, before the treatment 
with sodium, hydroxide. 

(3) The mineral, e. g., camotite, is fused w'ith acid 
potassium sulphate, the melt extracted with water, and the 
solution evaporated, when the double sulphates of vanadium 
and uranium with potassium cr\-stallize out. The vanadium 
is reduced by zinc, and precipitated by ammonium hy¬ 
droxide and ammonium carbonate. 

(4) A patented process by J. H. Haynes (Mineral 
Resources U. S., 1906, page 531) for treatment of camotite 
is of interest. The powdered mineral, previously roasted, 
is agitated with boiling sodium carbonate, which extracts 
vanadium and uranium. From .this solution the uranium 
is precipitated by sodium hydroxide. 

The Element. A. Preparation. Elementary vanadium 
may be prepared (i) by the action of “ mischmetal ” (metals 
of Ce and Y groups) on the oxide (V2O5) (Muthmann 
and Weiss, Liebig Ann., cccxxxvii, 370; CCCLV, 58); 
(2) by the action of aluminum or carbon on the 
trioxide (Ruff and Martin, Zeitsch. angew. Chem. xxv, 
49)- 

B. Properties. Vanadium is a non-magnetic, Hght- 
gray powder, somewhat crystalline in appearance. It 
oxidizes slowly in the air at ordinary temperatures, but 
more rapidly when heated, going through various degrees 
of oxidation and showing a characteristic color for each 
oxide,—brown (V^O), gray (V^Oj), black (V^O,), blue (Vpj, 
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and red (VjOg). . Upon the application of heat vanadium 
unites with chlorine, forming the chloride VCl^; at a red 
heat it combines with nitrogen, giving the nitride VN. It 
is insoluble in hydrochloric and dilute sulphuric acids, 
and soluble in nitric, hydrofluoric, and concentrated sul¬ 
phuric acids. It is not attacked by alkaline solutions, but 
with melted alkalies forms the alkali vanadates, with the 
evolution of hydrogen. The specific gravity of vanadium 
is 5.68. The melting-point of the metal is 1720° C. It 
forms alloys with iron and aluminum. 

CompOTinds.* A. Typical forms. The following may 
be considered typical compounds of vanadium; 


Oxides.V -,0 VA VAt VA VA 

Chlorides. VClj VCI3 VCh 

Oxychlorides.... VOCl VOCI2 

Bromide. VBra 

Oxybromides.... VOBr2 VOBrs 

Fluorides. VF3+6H2O VF5 

Double fluorides.. VF3 with KF, C0F2, NiFa, etc. 

Sulphides. V2S2 V2S3 V2S3O2 

V2S3 

Sulpho salts. NagVSgO 

(NHOaVS,, etc. 

Sulphate. VSO4 V2(S04)K2S04+24H20 

Nitrides. VN VNg 

Vanadates, ortho, R3VO4 

Pyro, R4V2O7 

meta, RVO3 


complex, V2O5 with PgOs, M0O3, WO3, SiOg, AsOg, etc. 

B. Characteristics. The vanadium compounds are 
known in five conditions of oxidation, represented by the 

* See also Das Vanadin und seine Verbindungen, P^phraim, pub. by Ferdi¬ 
nand Enke, Stuttgart, 1904; Rutter, Zeitsch. anorg. Chem. or, 368; Prandtl, 
Ber. Dtsch. chem. Ges. xL, 2125; xlviii, 692; Ztschr. anorg. chem. Lxxxn, 103; 
Koppel, Zeitsch. Electrochem. x, 141; Wedekind, Ber. Dtsch. chem. Ges. XLvi, 
1885, 1198; Barbieri, Atti accad. Lincei xxiv, I, 435; Ruff, Ber. Dtsch. chem.’^Ges. 
xov, 506, 2534. 

t Dutton (Jour. Amer. Med. Asso., June 3,19 r 1) describes a new form of poison¬ 
ing called Vanadiumism, caused by exposure to the fumes of vanadium trioxide. 
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five oxides. Of these conditions the highest is the most 
stable and is known in the largest number of salts, the 
vanadates. Vanadic pentoxide is reddish yellow in color, 
and, like phosphoric pentoxide, it dissolves readily in the 
alkali hydroxides and carbonates. The alkali vanadates 

I 

thus formed are of the ortho, pyro, and meta types, (RgVO^; 

I I 

RVjjO^; RVO3). The vanadates are generally pale yellow 
in color. They are soluble n the stronger acids and with 
the exception of the alkali vanadates insoluble in water. 
Vanadic acid is easily reduced by reducing agents to the 
tetroxide condition, when the solution becomes blue. More 
powerful reducing agents carry the reduction further, to 
the trioxide, or even the dioxide condition, but only long- 
continued heating in a current of hydrogen brings about 
the reduction to the monoxide and the element. 

Hydrogen sulphide, acting upon vanadic acid, reduces 
it to the tetroxide condition or even below, with a sepa¬ 
ration of sulphur. Ammonium sulphide gives the dark- 
brown solution of a sulpho salt, ((NHJ3S3VO?), and this 
solution, when acidified, gives a brown oxysulphide (V2S3O2). 
Vanadium resembles arsenic, phosphorus, and nitrogen, 
both in the chemical structure of its compounds and in 
their behavior toward reagents. 

Estimation.* A. Gravimetric, Vanadium is usually 
weighed as the pentoxide, (V^Og), obtained (i) by precipi¬ 
tation of lead or barium vanadate, treatment with sulphuric 
acid, filtration, evaporation of the filtrate, and ignition; (2) 
by precipitation of mercury vanadate and ignition, the 
pentoxide being left; (3) by precipitation of the ammo¬ 
nium salt by ammonium chloride and ignition (Berzelius, 
Pogg. Annal. xxii, 54; Gibbs, Amer. Chem. Jour, v, 371; 

* See Die analytische Chemie des Vanadins, V. voti Klecki, pub. by Leopold 
Voss, Hamburg, 1894; Campagne, Ber. Dtsch. chem. Ges. xxxvi, 3164; Beard, 
Ann, Chim. anal, et appl. x, 41; Chem. Zentr. 1905 [i], 960. For estimation 
in ores, see also Low’s Technical Methods of Ore Analysis; Blak, Jour. Amer. 
Chem. Soc. xxx, 1229; Campbell, ibid, xxx, 1233. 
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Gooch and Gilbert, Amer. Jour. Sci. [4] xiv, 205); or (4) by 
precipitation with “ cupferron” (Turner, ibid, xli, 339). 

B. Volumetric. Vanadium may be estimated volu- 
metrically (i) by reduction from the condition of the pent- 
oxide to that of the tetroxide by sulphur dioxide, hydro¬ 
gen sulphide, or zinc and free acid, and reoxidation by 
permanganate (Hillebrand, Jour. Amer. Chem. Soc. xx, 
461; Gooch and Gilbert, Amer. Jour. Sci. [4] xv, 389); 

(2) by effecting the reduction by boiling with hydrochloric 
acid or with potassium bromide or iodide in acid solution, 
according to the typical equation V^Oj-f 2 HC 1 =VjO^-f 
HjO-t-Clj. The chlorine, bromine, or iodine m&.y be dis¬ 
tilled and determined by suitable means in the distillate 
(Holverscheit, Dissertation, Berlin, 1890; Priedheim, Ber. 
Dtsch. chem. Ges. xxviii, 2067; Gibbs, Proc. Amer. Acad. 
X, 250; Gooch and Stookey, Amer. Jour. Sci. [4] xiv, 369; 
Gooch and Curtis, Amer. Jour. Sci. [4] xvii, 4), or the 
residue after boiling may be rendered alkaline by potas¬ 
sium bicarbonate, and reoxidation effected by standard 
iodine solution (Browning, Amer. Jour. Sci. [4] ii, 185); 

(3) the reduction may be accomplished by boiling with 

tartaric, oxalic, or citric acid, and reoxidation effected as 
outlined above (Browning, Zeitsch. anorg. Chem. vii, 158, 
and Amer. Jour. Sci. [4] 11, 355); (4) or sodium thiosulphate 
may be the reducing agent (Oberhelman, Amer. Jour. Sci. 
XXXIX, S30). (s) Vanadium and molybdenum may be 

estimated when together by heating their acids in the pres¬ 
ence of sulphuric acid and treating with sulphur dioxide, 
which reduces the vanadium to the condition of the tetroxide, 
without affecting the molybdic acid. The vanadium may 
be estimated as in (i) by permanganate. The oxidized 
solution may then be passed through a Jones redactor into 
a receiver charged with a ferric salt. This process reduces 
the molybdenum to the sesquioxide (M02O3) condition and 
the vanadium to the dioxide (V2O3) condition, and registers 
the reduction in the ferric salt. The reoxidation is again 
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effected with permanganate and the amount of vanadium 
being known from the first titration the molybdenum may 
be calculated from the second (Edgar, Amer. Jour. Sci. xxv, 
(1908), 332). (6) By a similar process of differential re¬ 

duction and oxidation Edgar (Amer. Jour. Sci. xxvi, (1908), 
79), estimates iron and vanadium in the presence of each 
other. After the solution containing vanadic acid and iron 
has been reduced by sulphur dioxide the oxidation by per¬ 
manganate proceeds according to the equation; 

5 V2O4+ 1 oFeO-t-4KMn04 = 5 V205+5Fe203+ 2 K2O -)-4MnO. 

After the reduction by zinc in the Jones reductor the 
oxidation is as follows: 

5V2O2 + loFeO + 8KMn04= 5^205"t”5Fe203-l-4K20 + 8MnO. 

From these equations, the amount of permanganate used 
being known, the amount of iron and vanadium present 
may be calculated. 

Separation. Vanadium may be separated from the 
majority of the metallic bases (i) by fusion of material 
containing it with sodium carbonate and potassium nitrate 
and extraction with water, vanadium dissolving as sodium 
vanadate; or (2) by treatment of a solution containing 
a vanadate with ammonium sulphide in excess, vanadium 
remaining in solution as a sulpho salt. 

From arsenic vanadium may be separated (i) by treat¬ 
ment with hydrogen sulphide, after reduction by means 
of sulphur dioxide, the arsenic being precipitated as the 
sulphide As^S,; (2) by heating the sulphides of vanadium 
and arsenic in a current of hydrochloric-acid gas at 150° C., 
the arsenic forming a volatile compound (Field and Smith, 
Jour. Amer. Chem. Soc. xviii, 1051). 

From phosphorus vanadium may be separated by re¬ 
duction of vanadic acid by means of sulphur dioxide, and 
precipitation of the phosphorus as phosphomolybdate. 



THE RARER ELEMENTS. 


114 


From molybdenum the separation may he accomplished 
hy the action of hydrogen sulphide upon a solution of vana- 
dic and molyhdic acids under pressure,—molybdenum sul¬ 
phide being precipitated,—or hy the action of ammonium 
chloride in excess upon a solution containing an alkali 
vanadate and molybdate,—ammonium metavanadate being 
precipitated (Gibbs, Amer. Chem. Jour, v, 371)- 

From tungsten vanadium may be separated by the 
ammonium chloride method {vid. Separation from molyb¬ 
denum, above) (Gibbs, Amer. Chem. Jour, v,' 379). 

From uranium vanadium may be separated (i) by 
sodium hydroxide, as in Experiment i; (2) by treatment 
with chlorine (Barker and Schmidt, Met. Chem. Eng. xiv, 
18). 


EXPERIMENTAL WORK ON VANADIUM. 

Experiment i. Extraction of vanadium from carnotite. 
Treat 20 grm. of the finely powdered mineral with hydro¬ 
chloric acid, heat until nothing further dissolves, dilute, 
pass hydrogen sulphide, and filter. Evaporate the filtrate 
nearly to dryness, add enough nitric acid to oxidize the 
vanadium to vanadic acid. To the oxidized solution add 
sodium hydroxide in excess, warm, and filter. The filtrate 
should contain sodium vanadate together with an excess of 
sodium hydroxide. Neutralize carefully with acetic acid' 
and test for vanadium by any of the following experiments: 

Experiment 2. Formation of insoluble vanadates of lead, 

II II 

silver, barium and ammonium, (R3(V04)2, ortho; or"R.(yOz)2, 
meta). 

To separate portions of a solution of an alkali vanadate 
(ortho or meta) add (a) a solution of lead acetate; (6) 
silver nitrate; (c) barium chloride; (d) ammonium chloride 
(in solid form). Try the action of nitric and acetic acids 
upon the precipitated salts. 

Experiment 3. Formation of vanadium pentoxide, , 
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from ammonium vanadate. Evaporate a solution of am¬ 
monium vanadate to dryness and ignite. Note the crystals 
of the pentoxide. 

Experiment 4. Precipitation of vanadium oxysulphide, 
(V2S3O2). (a) To a solution of an alkali vanadate add 

ammonium sulphide. Note the darkening in color 
((NH4)3S3V0?). Acidify the solution with hydrochloric 
acid. Note the precipitation of the oxysulphide. 

(6) Note that hydrogen sulphide in an acid solution 
precipitates sulphur and leaves a blue solution (V2O4). 

(c) Pass hydrogen sulphide into a solution of a vanadate 
made strongly alkaline with ammonium hydroxide. Note 
the red color. 

Experiment 5. Reduction of vanadic acid, (V2O5). 

(a) To a solution of an alkali vanadate add a crystal of 
tartaric acid and boil. Note the yellow-red color of the 
vanadic acid when the tartaric acid is first added, and 
the change to blue (VjO^) produced on boiling. 

(b) Neutralize the blue solution obtained in (a) with 
sodium or potassium bicarbonate, and add a solution of 
iodine in potassium iodide until, after the liquid has stood 
for a few moments, the color of the iodine remains. Bleach 
the excess of iodine with an alkaline solution of arsenious 
oxide. Note that the blue color has disappeared and the 
vanadium is in the condition of the pentoxide (V^Oj). 

(c) Try the action of other reducing agents upon vanadic 
acid, e.g. oxalic acid, hydrochloric acid, stannous chloride, 
zinc and hydrochloric acid, etc. Note that the zinc and 
hydrochloric acid carry the reduction below the tetroxide 
condition (V2O4) * 

Experiment 6. Delicate tests for vanadium. Formation 
of pervanadic acid, (HVO4). (a) Acidify a solution of an 


*The following series of colors obtained by the action of a reducing agent 
upon vanadic acid is given by Roscoe: yellow (V2O6), green (VsOs-f V2O4), bluish- 
green (V2054-V204), blue (V2O4), greenish-blue (V2O4+V2O3), green (V2O8+V2O2), 
bluish-violet (V2084-V202), lavender or violet (V2O2). 
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alkali vanadate and add hydrogen dioxide. Note the red 
color (Maillard). 

(6) Bring a few drops of the vanadium solution into 
contact with a drop of strong sulphuric acid to which a 
crystal of strychnine sulphate has been added. Note the 
color, changing from violet to rose. 

Experiment 7. Borax-head tests for vanadium. Fuse a 
little ammonium vanadate into a borax bead and test the 
action of the reducing and oxidizing flames upon it. 

NIOBIUM (COLUMBIUM), Nb(Cb), 93.5; 

TANTALUM, Ta, 181.5. 

Discovery. Hatchett, while working with some chro- 
mitun minerals in the British Museum in 1801, came across 
a black mineral very similar to those upon which he was 
engaged (Phil. Trans. Roy. Soc. (1802), 49). He obtained 
permission to examine it and found it to consist almost 
whoUy of iron and an earth which did not conform to 
any known test. He described it as “a white, tasteless 
earth, insoluble in hot and cold water, acid to litmus, 
infusible before the blowpipe, and not dissolved by borax. ’ ’ 
The only acid which dissolved it was sulphuric. Since 
the mineral was of American origin, coming from Con¬ 
necticut, the discoverer named it . Columbite, and the 
element Columbium. 

About a year later Ekeberg (Crell Annal. (1803) i, 3), 
while investigating a mineral from Kimito, Finland, which 
closely resembled columbite, discovered a “metal” which 
resembled tin, tungsten, and titanium. It proved to be 
none of these, but in fact a new element. He named it 
Tantalum, “because even when in the midst of acid it 
was unable to take the liquid to itself. ’ ’ Indeed, insolu¬ 
bility in acid seemed to be the chief characteristic of the 
new substance. 

The apparent similarity of columbium and tantalum 
suggested that they might be identical, and in order to 
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settle this question Wollaston (Phil. Trans. Roy. Soc. 
xcix, 246) in 1809 began to work on tantalite and a speci- 
nen of the same columbite that Hatchett had examined. 
He found that the freshly precipitated acids were both 
soluble in concentrated mineral acids; if they were dried 
it was necessary to fuse them both with caustic alkalies 
before they could be dissolved. Both were held up if 
ammonium hydroxide was added in the presence of citric, 
tartaric, or oxalic acid. Having fotmd practically the same 
reactions with both acids, he concluded that the elementary 
substances were the same. The specific gravity of tantalite, 
however, was 7.95, and that of columbite 5.91. This he 
explained by suggesting different conditions of oxidation 
or different states of molecular structure. These con¬ 
clusions were accepted, and for many years the element 
^'■as called indifferently tantalum and columbium. 

In 1844 Rose began to investigate the same subject. 
His work on the columbites of Bodenmais and Finland 
led him to the belief that there were two distinct acids 
in the columbite from Bodenmais, one similar to that in 
tantalite, the other containing a new element, to which 
he gave the name Niobium, from Niobe, daughter of Tan¬ 
talus. Though niobium proved to be Hatchett’s colum¬ 
bium, Rose’s name for the element has been the one more 
generally adopted. The name columbium is now, however, 
growing in favor, especially among American chemists. 

Occurrence.* Niobium and tantalum are found, each 
in combination, in various rare minerals. They usually, 
though not invariably, occixr together. 


Contains 

NbaOfi TaaOg 

RNb 206 -R(Ti,Th )03 . 47 ~S 8 % 

Chalcolamprite, vid. Pyrochlore. 59-60% 

Marignacite, vid. Pyrochlore. SS-S6% 5-6% 

Koppite, RaNbaOr • INaF. 61-62% 


See also Schilling, Zeitsch, angew. Chem. (1905), 883. 
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Contains 

Nb206 Ta205 

Hatchettolite,2R(Nb,Ta)206-R2(Nb,Ta)207 63-67%* 


MicroUte, Ca2Ta207. 7- 8% 68-69% 

Fergusonite, (Y,Er,Ce)(Nb,Ta)04. 14-46% 4-43% 

Samir6site, complex. 45-46% 3- 4% 

Blomstrandine-Priorite, complex. 18-37% 0-1% 

III 

Sipylite, RNb04. 47-48% i- 2% 

Cc>iMwiWte,(Fe,Mn)(Nb,Ta)206. 26-77% i-77% 

Tantalite, PeTa206. 3-40% 42-84% 

Neotantalite, vid. Tantalite. 23% 60-61% 

Skogbolite, FeTa206. 3-40% 42-84% 

Tapiolite, Fe(Nb,Ta)206. 11-12% 73-74% 

Mossite, Fe(Nb,Ta)206 . 83%* 

II III 

Yttrotantalite, RR2(Ta,Nb)40i5. 12-13% 46-47% 

III II 

Samarskitey R2R3(Nb,Ta)602i.41-56% 14-27% 

Nohlite, vid. Samarskite. 50”5i% 

Loranskite, complex. 47% 

Risorite, yttrium niobate. 3 6-3 7 % 4% 

Stibiotantalite, Sb203(Ta,Nb)205?. 7-5% Si% 

Annerodite, complex.48-49% 

Hielmite, complex. . . 4~i6% 55-72% 

irr III 

--Eschynite, RjNb.Oij-RjCTi.ThlsOis.32-33% 21-22% 

Polymignite, 

SRTi03-sRZr03-R(Nb,Ta),0,. 11-12% i- ,2% 

III III 

Euxenite, R(Nb03)3-R3(Ti03)3-fH20.18-35% 

m III 

R(Nb03)3-2:^(Ti03)3-3H30. . . 19-25% 0-4% 

Wohlerite, i2R(Si,Zr)03-RNbj03. 12-14% 

Lavenite, R(Si,Zr)03-Zr(Si03)j-RTa30e. . o- 5%* 

Dysanalyte, 6RTi03-RNbj0,. 0-23% 0-5% 

Kochelite, vid. Fergusonite. 29-30% 

Arrlienite, complex. 2- 3% 21-22% 


3Snb205'j"Ta206. 
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Contains 

NboOs Ta20s 

Blomstrandite, complex. 49-50%* 

Rogersite,. 18-20% 

Adelpholite, vid. Sipylite. 41-42%* 

Vietingshofite, vid. Samarskite. 51%* 

Eucolite, complex silicates. 2- 4%* 

Melanocerite, complex silicates. 3- 4% 

Caryocerite, vid. Melanocerite. 3.1% 

Steenstrupine, vid. Melanocerite. 0-1.5%* 

Cyrtolite, silicate. 0-1.5%* 

Naegite, silicate. 4% 7% 

Tritomite, complex silicates. 1-3% 

Cassiterite (Ainalite), Sn 02 . 0-9% 


Extraction. Salts of niobium and tantalum may be 
extracted from columbite or tantalite by either of the fol¬ 
lowing methods: 

(1) The mineral is fused with six parts of potassium 
bisulphate, the fused mass is pulverized and treated with 
hot water and dilute hydrochloric acid. The residue is 
then digested with ammonium sulphide to remove tin, ttmg- 
sten, etc., and again warmed with dilute hydrochloric acid. 
After this treatment it is washed thoroughly with water 
and dissolved in hydrofluoric acid. Filtration is followed 
by the addition of potassium carbonate to the clear solu¬ 
tion until a precipitate begins to form. The potassium 
and tantalum double fluoride separates first in needle¬ 
like crystals, after which the niobium oxyfluoride crys¬ 
tallizes in plates. 

(2) The mineral is fused with three parts of acid potas¬ 
sium fluoride (vid. Experiment i). 

The Elements. I. Niobium. A. Preparation. The ele¬ 
ment niobium may be obtained (i) by reducing the oxide 
with aluminum (Goldschmidt reaction); (2) by mixing the 
pentoxide with paraffin, drawing into fibers, and reducing 


Nl^Os *-|-T£l206. 
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to the tetroxide by heating with carbon. The tetroxide, 
being a conductor, is reduced to the metal by heating 
highly in vacuo (von Bolton, Zeitsch. Electrochem. xiii, 
145) i (3) by heating the oxide with “mischmetal” 
(Muthmannand Weiss, Liebig Ann. cccxxxvn, 370; ccclv, 
58). 

B. Properties. Niobium is a metallic element of steel- 
gray color and brilliant luster. Heated in the air it is 
only slowly oxidized to Nb204. It is practically unattacked 
by acids, except by a mixture of nitric and hydrofluoric 
acids, but is attacked by fused alkalies and at red heat by 
chlorine. It combines with hydrogen and nitrogen. It 
is as hard as wrought iron, and is malleable and ductile. Its 
fusing-point is 1950° C.,* and its specific gravity is about 7. 

II. Tantalum.! A. Preparation. Elementary tanta¬ 
lum may be obtained (i) by heating the potassium and 
tantalum fluoride (KsTaPy) with potassium and extract¬ 
ing the potassium fluoride with water; (2) by heating the 
oxide with “mischmetal.” 

B. Properties. Tantalum in the elementary condition 
is a little darker in color than platinum, and is about as 
hard as soft steel. It can be hammered into plates and 
drawn into wire. In the cold it is very inert. Heated to 
400° C. it becomes yellow, and to 600° bluish. At low 
redness it bums to the oxide. Its melting-point is given as 
2850° C. (vonPirani)_^and 2900° C. (Waidner).! It combines 
at low redness with hydrogen, § nitrogen, and chlorine. It 
combines readily with carbon, forming several carbides. 
The metal is not attacked by hydrochloric, nitric, or sul¬ 
phuric acid, but is attacked by hydrofluoric acid and by 
fused alkalies. The specific gravity of melted and drawn 

* U. S. Bureau of Standards gives 1700° C. ? 

fVon Bolton, Zeitsch. angew. Chem. (1906), 1537; Muthmann, Liebig Ann. 
CCCLV, 58. 

t Waidner and Burgess, J. physique vi, 380; Chem. Abs., Amer. Chem. Soc. 
n, 739 (Mar. ’08); von Pirani and Meyer, Zeitsch. f. Electrochem. xvn, 908. 

§ Sieverts and Bergner, Ber. Dtsch. chem. Ges. XLiv, 2394. 
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tantalum is i6.8; that of the metal in powder form (hydro¬ 
gen and oxygen being present), 14. 

Compounds.* A. Typical forms. The following are typ¬ 
ical compounds of niobium and tantalum: 


■Oxides.Nb 202 

Nb204 Ta204 

Nb205 Ta205 

Chlorides.(Nb6Cli2)Cl2- 7 H 20 t (Ta 6 Cli 2 )Cl 2 - 7 H 20 t 

NbCls 

NbCls TaCls 

Oxychloride.NbOCls 

Bromides.NbBrs TaBrs 

Oxybromide.NbOBra 

Fluorides.NbFs T aFs 

Ox3diuoride.NbOFa 

Fluotantalates .. KljTaF, 

NajTaF^ 

(NHJ.TaF, 

Double fluorides. 2;KF • j'NbOFj | „i\ 

a^KF-^/NbO^F j '■WcaJj 

^ Sulphide. Nb 20 S 3 Ta^S^ 

Silicide. TaSi2 

Nitride. TajN* 

Niobates. KsNbeOj,-!-i 6 HjO 

K,Nb,0j3 + i3H,0 
2 K,NbAi + iiH30 
K,NbA + iiHp 
Na,eNb„ 0,3 
Na,Nb, 0 ., etc. 


Tantalates J 


Of types RgTajOig and RTaO„ 
with Na, K, NH4, Ba, and Mg. 


*See also E. F. Smith and others, Jour. Amer. Chem. Soc. xxvii, 1140, 1216, 
1369; XXX, 1637; XXXII, 323, 729; Chabri6, Compt. rend, cxliv, 804; Ruff and 
Schiller, Zeitsch. anorg. Chem. Lxn, 329. 

t For corresponding bromides and iodides, vid, (for niobium) Hamed, Jour. 
^Amer. Chem. Soc. xxxv, 1078; (for tantalum) Chapin, ibid, xxxn, 323. 

J Vid. also Wedekind and Maass, Zeitsch. angew. Chem. xxxm, 2314, 















122 


THE RARER ELEMENTS. 


B. Characteristics. The compounds of niobium closely 
resemble those of tantalum, both in chemical form and in 
behavior toward reagents. The two elements are closely 
associated in minerals {vid. Occurrence). The lower oxides, 
of niobium are dark powders which oxidize when heated. 
The dioxide is soluble in hydrochloric acid, while the tetrox- 
ide is not attacked by acids. The pentoxide is a yellowish- 
white amorphous powder somewhat soluble in concen¬ 
trated sulphuric acid before ignition, but insoluble after. 
Niobium pentachloride is a yellow crystalline substance 
prepared by passing sulphur chloride (S2CI2) in the form of 
vapor over the pentoxide. It tends to form the oxy¬ 
chloride in the presence of water. It is reduced to the 
trichloride when its vapor is passed through a red-hot tube. 
The fluoride is formed by the action of hydrofluoric acid 
upon the pentoxide 

Tantalum tetroxide is a very hard, dark-gray, poroua 
mass which is not attacked by acids. When heated it 
goes over to the higher oxide. The pentoxide of tanta¬ 
lum is a white powder which is somewhat soluble in acids. 
The chloride and fluoride of tantalum are formed similarly 
to the corresponding salts of niobium and resemble them 
in general behavior. Niobates and tantalates are obtained 
by fusing the oxides with caustic alkalies; these salts are- 
soluble. The tantalum compounds give no color test with 
morphia, tannic acid, or pyrogallic acid. 

Estimation. A. Gravimetric. Niobium and tantalum 
are ordinarily weighed as the oxides NbjOj and TajOj,. 
obtained from ignition of the acids. 

B. Volumetric. Niobium may be estimated volumet- 
rically by reduction from the condition of the pentoxide to 
that of the trioxide by means of zinc and hydrochloric 
acid in a current of carbon dioxide, and oxidation with 
permanganate (Osborn, Amer. Jour. Sci. [3] xxx, 329; 
Levy, Analyst, xl, 204. Vid. also Meimberg, Ztschr. 
angew. Chem. xxvi, 83). 

Separation. The method usually employed for the 
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separation of niobium and tantalum from the elements 
with which they are generally associated—namely, tita¬ 
nium, zirconium, and thorium^—^is that of fusion with acid 
potassium sulphate (vid. Titanium). From tin and tung¬ 
sten they may be separated by repeated fusions of the 
oxides with sodium carbonate and sulphur (E. F. Smith, 
Proc. Amer. Philos. Soc. xliv, 157). 

The separation of niobium from tantalum is one of 
the most difficult of analytical problems. Marignac’s 
method* (Ann. Chim. Phys. [4] viii, i) is based upon the 
difference in solubility f between the tantalum-potassium 
fluoride (K2TaF7) and the niobium-potassium oxyfluoride 
(2KF-Nb0F3+H20). Foote and Langley (Amer. Jour. 
Sci. [4] XXX, 393) have devised an indirect method depend¬ 
ing upon the difference in density (Ta205, 8.716 and 
Nb205, 4.552) of the oxides. They use as standards for 
comparison densities of mixtures of known content. 

EXPERIMENTAL WORK ON NIOBIUM AND 
TANTALUM. 

Experiment i. Extraction of niobium and tantalum 
salts from columbite or tantalite. Mix 5 grm. of the finely 
ground mineral with 15 grm. of acid potassium fluoride 
and fuse thoroughly. Pulverize the fused mass and extract 
with boiling water containing a little hydrofluoric acid. 
Evaporate to about 200 cm.^ and allow the liquid to stand. 
The potassium and tantalum fluoride separates first in 
needle-like form; the niobium and potassium oxyfluoride 
crystallizes in plates on concentration of the solution. 
The salts of the two elements should be purified as far as 
possible by fractional crystallizations. 

Experiment 2. Preparation of niobic and tantalic 
oxides {acids'), (Nb205; Ta205). {a) Evaporate to dryness 

* Vid. Meimberg and Winzer, Ztschr. angew. Chem. xxvi, 157; Moir, Chem. 
Abs. X, 1825. 

tK2TaF7 is soluble in 151-157 parts of cold water. 2ElF-Nb0F84-H20 is 
soluble in 12-13 parts of cold water. 
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in a lead or platinum dish a solution of potassium and 
niobium oxyfluoride, add strong sulphuric acid, and heat 
until all the hydrofluoric acid is expelled and a solution is 
obtained. Cool the solution, dilute with water, and boil. 
Niobic acid, (Nb205), is precipitated. Filter, and test 
the filtrate with ammonium hydroxide. 

(6) Repeat the experiment, using a solution of potas¬ 
sium and tantalum fluoride instead of the niobium salt. 

(c) Test the action of alkali hydroxides or carbonates 
in excess upon solutions of niobium and tantalum obtained 
in (a) and (6). 

(d) Try the action of the common acids upon freshly 
precipitated niobic and tantalic acids. Note that hydrogen 
dioxide aids the solvent action. 

Experiment 3. Effect of fusion with sodium or potas¬ 
sium hydroxide upon niobic and tantalic acids, (a) Melt 
a gram of sodium or potassium hydroxide in a hard glass 
tube, add a small quantity of dry niobic acid, and heat 
again. Note that the fused mass is soluble in water. 

iff) Repeat the experiment, using dry tantalic acid 
instead of niobic. 

(c) Acidify with the common acids portions of the solu¬ 
tions obtained in (a) and (b). 

(d) Try the effect of carbon dioxide upon these solutions. 

Experiment 4. Tests for niobium, (a) To separate por¬ 
tions of dry niobic oxide (or acid) add a few drops of strong 
sulphuric acid, and treat with tannic acid, pyrogallic 
acid, and morphia, respectively. Note the brown color. 

(6) Repeat the experiment, using tantalic oxide instead 
of niobic. Note the absence of color. 

(c) Try the action of metallic zinc upon an acid solution 
containing niobium. Note the color. Filter, and add a 
solution of mercuric chloride. Note the precipitate. 

Experiment 5. Negative tests of niobium and tantalum. 
Note that hydrogen stilphide gives no precipitate, and 
that hydrogen peroxide gives no yellow color with acid 
solutions containing niobium or tantalum. 
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MOLYBDENUM, Mo, 96. 

Discoveiy. The name Molybdena, derived from /xoXv/Sdos, 
lead, was originally applied to a variety of substances con¬ 
taining lead. Later the term was used to designate only 
graphite and a mineral sulphide of molybdenum which is 
very similar in appearance to graphite, and which was 
confused with it. In 1778 Scheele, in his treatise on molyb¬ 
dena (Kong. Vet. Acad. Handl. (1778), 247), showed that 
it differs from plumbago, or graphite, in that on being 
heated with nitric acid it yields a peculiar white earth, 
which he proved to be an acid-forming oxide. This he called 
acidum molybdenas, ’ ’ and he supposed the mineral to be 
a compound of this oxide with sulphur. In 1790 Hjelm 
(ibid. (1790), 50; Ann. de Chim. iv, 17) isolated the ele¬ 
ment. 

Occurrence. Molybdenum occurs in combination in 
minerals which are somewhat widely diffused, though 


found in small amormts; 

Molybdic ocher or Contains MoO» 

Molybdite, Fe203 • 3M0O3 • 7fH2O. 57-59% 

Powellite, Ca(Mo,W)04. 58-59% 

Wulfenite, PbMo04. .. 37-40% 

Belonesite, MgMo04?. 78-79% 

Pateraite, C0M0O4?. 30% 

Scheelite, CaW04. traces-8% 

Koechlinite, Bi203 • M0O3. 23-24%, 

Molybdenite, M0S2. 6o%Mo. 

Ilsemannite, Mo02-4Mo 03. 68%Mo. 
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Extraction. Molybdenum salts are usually obtained 
from molybdenite, the most abundant ore, though some¬ 
times from other minerals. The following processes will 
illustrate the methods employed. 

(1) From molybdenite. The mineral is roasted imtil 
sulphur dioxide is no longer given ofE and the residue is 
yellow when hot and white when cold. This residue is 
dissolved in dilute ammonium hydroxide, and the solution 
is evaporated to crystallization. Heat drives off the 
ammonia from the crystals and leaves the trioxide of 
molybdenum. 

(2) From molybdenite. The mineral is treated with 
nitric acid {vid. Experiment i). 

(3) From wulfenite. The mineral is fused with potas¬ 
sium polysulphide. Upon extraction with water the lead 
remains insoluble, as the sulphide, and the molybdenum 
goes into solution as the sulpho salt. The filtrate is acidi¬ 
fied with sulphuric acid, and the sulphide of molybdenum 
is precipitated (Wittstein). 

The Element. A. Preparation. Elementary molybde¬ 
num may be prepared (i) by passing dry hydrogen over 
either the trioxide or the ammonium salt at red heat; 
(2) by reducing the chlorides with hydrogen; (3) by heat¬ 
ing the oxi:e (M0O3) with “ misch-metal ”; (4) by heat¬ 
ing the oxide (MoOj) with aluminum (Goldschmidt 1 ro- 
■cess). 

B. Properties. Molybdenum is a gray metallic powder, 
which is unchanged in the air at ordinary temperatures, but 
which, when heated, passes gradually into the trioxide. 
It is insoluble* in hydrochloric, hydrofluoric, and dilute 
sulphuric acids, but soluble in nitric and concentrated 
sulphuric acids, in aqua regia, in chlorine water, in melted 
potassium hydroxide, and in melted potassium nitrate. Its 
specific gravity is 8.6. Its melting-point is 2550° C. 


* For solubilities M. Ruder, Jour. Amer. Chem. Soc. xxxiv, 387. 
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Compounds.* A. Typical forms. The following are t3^- 
ical compounds of molybdenum:- 


Oxides.MoO 

Mo20a 

M0O2 

M05O13 MogOa M0O3 

Ohloridest . .M0CI2 

M0CI3 

M0CI4 

M0CI5 

Oxychlorides. 



M0OC4 




MoOgCig 

Bromides.. . .MoBr^ 

MoBra 

MoBr^ 


Oxybromide.. 



MoOjBrj 

Oxyiodide.... 



MoOgI 

Fluoride. 



M0F3 

Oxyfluorides. 



M0OF3.2KF 




+H2O 




MoOgFj.KF 




+H2O 

Carbides.MojC 


MoC 


Silicidc. 


MoSi 


Sulphides..., 


M0S2 

M0S3; M0S4 

Sulpho salt. .. 


I 

R2M0S4 


Molybdates, many salts of the type RaMo04, as K2M0O4; CaMo04; ZnMo04; 

Ag2Mo04; etc. The formula for ammonium molybdate is given as 

(NH4)6Mo7024-h4H20. Barbieri has formed a series of molybdates of the rare 

III III 

earths of the type (NH4)3RMo7024+i2H20,where R = Ce, La, Nd, Pr, or Sm. 

Molybdenum trioxide combines with phosphoric pent- 
oxide in the following proportions: PjOj-. MoO,: :i: 24, 
1:22, 1:20, 1:18, 1:16, 1:15, 1:5, as 2KjHP0^-24Mo03-|- 
3H2O; 2(NHj3P0^-i6Mo03 + i4H2O; etc. It combines 
■with arsenic pentoxide as follows: As305:Mo03:: i :2o, 
1:18, 1:16, 1:6, 1:2, as ASjOs • 20M0O32 7H2O; 

10NH3 • AS3O5 • 16M0O3 +14H3O; etc. 

B. Characteristics. The molybdenum compounds are 


* See also Bailhache, Compt. rend- cxxxv, 862; Mylius, Ber. Dtsch. chem. 
<jes. XXXVI, 638; Rosenheim, Zeitsch. anorg. Chem. xxxiv, 427; XLVi, 31 ij 
xux, 148; L, 320; nv, 97; Lxxix, 292; Lxxxiv, 217; xci, 75; Grossmann, 
Zeitsch. anorg. Chem. xli, 43; Zeitsch. phys. Chem. LVi, 577; liv, 40; Weinland, 
Zeitsch. anorg. Chem. xliv, 81; Sand, Ber. Dtsch. chem. Ges. xxxvni, 3384; xl, 
4504; Copaux, Ann. chim. phys. [8] vn, 118; Bull. Soc. frans:. Mineral, xxx, 
292 (Oct. 1907), or Chem.Zentr. (1908) 1,711; Lancien, Bull. d. Sciences Pharmacol. 
XV, 132, or Chem. Zentr. (1908) i, 1763; Ruff, Ber. Dtsch. chem. Ges. XL, 2926; 
Hilpert, Ber. Dtsch. chem. Ges. XLVi, 1669. 

t Michael and Murphy, Amer. Chem. Jour, xuv, 365, 










128 


THE RHRER ELEMENTS. 


known in various conditions of oxidation (I'id. Typical 
Forms), of which the highest, (M0O3), is the most stable and 
comprises the largest number of salts. The trioxide is 
white to pale yellow, and dissolves in xjotassium, sodium, 
and ammonium hydroxides, forming the molylKiates. 
The alkali molybdates are the only soluble molybdates. 
When strong reducing agents, such as zinc and hydro¬ 
chloric acid, act upon acid solutions of molybdates, the 
reduction is said to go as far as the o.xide .Mo^Oj, the solu¬ 
tion passing through the colors of the vari«ms oxides, 
violet, blue, and black. The oxide Mo^O,, however, is 
Very sensitive to oxidation, for it is changed in the air to 
the sesquioxide (MojO^) as soon as the rcflucing action has 
ceased. Acid solutions of the lower oxides give, on trc;atment 
with the alkali hydroxides, the corresiwmding hydmxides of 
molybdenum, MOjO, • 3HjO; Mo( )j • xH/); etc. The suliJhide 
(MoS,) is obtained by treating a molybdate with ammonium 
sulphide and acidifying. Its color is reddish brown. 

Estimation.’'' A. Gravimetric. Molybdenum is generally 
weighed as the oxide (MoOj), obtained (i) by ignition of 
ammonium molybdate; (2) by precipitation of mercury 
molybdate and ignition; or (^) by precipitation of the 
sulphide and conversion into the oxide by treatment with 
nitric acid. 

B. Volumetric. Soluble molybdates may lx; reduced 
in acid solution (i) by boiling with potassium iodicle. 
(a) The iodine thus liberated may be passed into pota.ssium 
iodide and estimated by standard thicj-sulphatc, the jimount 
of molybdenum present being calculated from the erjuation 
2MoC)3-i-2HI=-Mo2054-l2 + H2(>; or, (6) after the iodine has 
been removed by boiling, the residual solution may ! e 
rendered alkaline by potassium bicarbonate and rcoxidi2:ed 


* For the estimation in or^, see Low’s Ted^cal Methods <rf Oie Aasiyils} 
Blair, Jotir. Amer. Chem. Soc. xxx, 1229. 
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by standard iodine solution or potassium permanganate- 
(Mauro and Daiiesi, Zeitsch. anal. Chem. xx, 507; Pried- 
heim and Euler, Ber. Dtsch. chem. Ges. xxviii, 2066; 
Gooch and Fairbanks, Amer. Jour. Sci. [4] ii, 156; Gooch 
and Pulman, Amer. Jour. Sci. [4] xii, 449); (2) by passing" 
the solution over zinc in a Jones reductor into a flask 
charged -with a ferric salt. The molybdic acid, reduced to 
the sesquioxide (M02O3) in the reductor is reoxidized by 
the ferric salt, and the ferrous salt formed is titrated by 
permanganate (Randall, Amer. Jour. Sci. xxiv (1907), 313). 
See also under Vanadium a volumetric process for the 
estimation of vanadium and molybdenum in the presence 
of each other, page 112.. 

Separation. The general methods for the separation, 
of molybdenum from the metals* and alkali earths are the 
same as those described under Vanadium. 

From arsenic and phosphorus, -when present as arsenic- 
and phosphoric acids, molybdenum may be separated by 
magnesium chloride mixture in ammoniacal solution, 
ammonium-magnesium arseniate and phosphate being 
precipitated (Gibbs, Amer. Chem. Jour, vii, 317; Gooch,, 
Amer. Chem. Jour, i, 412). 

For the separation from vanadium, vid. Vanadium. 

From tungsten molybdenum may be separated (i) by 
the action of -warm sulphuric acid of specific gravity 1.37- 
upon the oxides (MoO, and WO,), molybdic acid dissolv¬ 
ing (Ruegenberg and Smith, Jour. Amer. Chem. Soc. 
XXII, 772); (2) by heating the oxides with hydrochloric- 
acid gas at 2^o°-2’]o° C., the molybdenum compound 
(MoO,-2HCl) being volatilized (Pechard, Compt. rend. 
cxiv, 173: Debray, ibid. XLVi, iioi); (3) by precipitation) 
of tungstic acid by means of stannous chloride (Marbaker,, 
Jour. Amer. Chem. Soc. xxxvii, 86). 


* Molybdenum and tungsten may be separated elefctrolytically from copper;#, 
lead, and mercury (McCay and Furman, Jour. Amer. Chem. Soc. xxxvm, 640). 




THE RARER ELEMENTS. 


130 


EXPERIMENTAL WORK ON MOLYBDENUM. 

Experiment i. Extraction of molybdenum salts from 
molybdenite, (M0S2). Heat 5 grm. of the finely powdered 
mineral with nitric acid until the dark color has disap¬ 
peared. Evaporate to dryness, wash the residue in warm 
dilute nitric acid, then in water, and dissolve it in am¬ 
monium hydroxide. Filter, and evaporate the filtrate to 
a small volume. Ammonium molybdate crystallizes out, 
which may be converted iiito the trioxide by careful 
ignition. 

Experiment 2. Precipitation of the sulphides of molyb- 
denum, (MoSjj M0S3). (^) Through a solution of am¬ 

monium molybdate acidified with hydrochloric acid pass 
hydrogen sulphide. Note the gradual change of color 
of the solution, from red-brown to blue, and the partial 
precipitation of the sulphide M0S2. 

(6) To a solution of ammonium molybdate add am¬ 
monium sulphide, or pass hydrogen sulphide through an 
alkaline solution of a molybdate. Note the yellow-brown 
color ((NHJ2M0S4, typical). Acidify the solution and 
note the brown precipitate (M0S3). 

Experiment 3. Precipitation of ammonium phospho- 
molybdate (3(NHJ2O • P2O5 • 24(Mo03) -f 2H2O). To a solu-. 
tion of ammonium molybdate acidified with nitric acid* 
add a drop of a solution of sodium phosphate, and warm 
gently. Note the yellow precipitate. 

Experiment 4. Precipitation of the molybdates of 
silver, lead, and barium, (Ag2Mo04, PbMoO^, and BaMoO^, 
typical). To separate solutions of ammonium molybdate, 
neutral or faintly acid with acetic acid, add solutions of 
silver nitrate, lead acetate, and barium chloride respec¬ 
tively. Note the solvent action of nitric acid upon tho 
precipitates. 

Experiment 5. Reduction of molybdic acid, (M0O3). 




TUNGSTEN. 


(a) Put a piece of metallic zinc into a solution of ammo¬ 
nium molybdate and add hydrochloric acid until the action 
starts. Note the change in color of the solution as the 
reduction proceeds (reddish yellow, violet, bluish, black). 
To a few drops of the solution after reduction add potas¬ 
sium or sodium hydroxide. Note the dark-brown pre¬ 
cipitate of the lower hydroxides of molybdenum (Mo2(OH)6, 
etc.) mixed with the hydroxide of zinc. 

(fe) Try the reducing action of stannous chloride upon 
a molybdate in solution. Try also the action of hydrazine 
sulphate. 

(c) To a dilute solution of a molybdate which has been 
treated with zinc and hydrochloric acid, add some potas¬ 
sium sulphocyanide in solution. Note the red color. Try 
the effect of adding ether and shaking. 

(d) To a few drops of a solution of a molybdenum com¬ 
pound add a little strong sulphuric acid, and evaporate 
nearly to dryness in a porcelain dish. Note the blue 
color. 

Experiment 6 . Formation of a permolybdate. To a solu¬ 
tion of a molybdenum compound add ammonium hydroxide 
and hydrogen dioxide. Note the red color of the ammonium 
permolybdate. 

Experiment 7. Formation of molybdenum ferrocyanide. 
To a solution of a molybdate acidified with hydrochloric 
acid add a solution of potassium ferrocyanide. Note the 
brown precipitate and its solubility in atnmonium hydroxide. 

TUNGSTEN, W. 184. 

Discovery. The minerals scheelite, formerly called 
tungsten (i.e. “heavy stone”), and wolframite have long 
been known, but until about the middle of the eighteenth 
century they were regarded as tin ores. In 1781 Scheele 
(Kong. Vet. Acad. Handl. (1781), 89) demonstrated that 
scheelite contained a peculiar acid which he named Tung- 
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■Stic acid. Two years later the brothers D’Elhujar showed 
■the presence of the same acid in wolframite. 

Occurrence. Tungsten is found combined in minerals 
which are often associated with tin ores: 


'Wolframite, (Fe,Mn)W04. 

Scheelite, CaWO^. 

Hubnerite, MnWO^. 

Cuprotungstite, CuWO^. 

Cuproscheelite, (Ca,Cu)WOj. 

Powellite, Ca(Mo,W) 0 ,. 

Stolzite, PbWO. 

Haspite, PbWO^. 

Reinite, PeWO<. 

Ferberite, FeW04. 

Ferritungstite, Fe203-W03-61120. 

Yttrotantalite, complex niobate-tantalate 

Tungstite, WO3. 

Meymacite, hydrated 'W’03. 

"Tungstenite, 'WS2. 

Extraction.* Tungstic add is usually extracted from wol¬ 
framite. . Any of the processes here indicated may be followed: 

(1) 5 parts of the mineral are fused with 8.5 parts of 
dry sodium carbonate and 1.5 parts of sodium nitrate. 
On treatment of the fused mass with water, sodium tung¬ 
state is dissolved, and after filtration tungstic acid is pre- 
dpitated by hydrochloric add. 

(2) The mineral is fused with an equal weight of cal- 
dum carbonate and one-half of its weight of sodium chlor¬ 
ide, and the melt is treated with hot water containing 
hydrochloric and nitric acids. The tungstic acid remains 
■undissolved. 

* See also an interesting discussion of the treatment of tungsten ores, etc., 
iby Van Wegenen, The Chemical Engineer, VoL rv, 217-232 and 284-297. 


Contains 

WO3. 

74-78% 

71-80% 

73-77% 

56-57% 

76-80% 
10-11% 
51 circa 


.■ 75-76% 

... 69-70% 

.. 42 - 45 % 
... 2-4% 

.. 100 circa 

■ ■ 71-75%) 

44 - 45 % W 
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(3) The mineral is decomposed by hydrochloric acid 
{vid. Experiment i). 

The Element. A, Preparation.'^ Elementary tungsten 
may be obtained (i) by heating the acid in the presence 
of hydrogen; (2) by heating the chloride (WCle) in the 
presence of hydrogen; (3) by heating the acid with carbon; 
(4) by heating the nitride; (s) by passing an electric current 
in vacuo through filaments of an amalgam of tungsten, 
cadmium, and mercury, the cadmium and mercury being 
expelled and the tungsten left; (6) by heating the acid 
with metallic zinc (Weiss). 

B. Properties.^ Tungsten is a very hard powder, rang¬ 
ing in color from gray to brownish black, resembling some¬ 
times tin, sometimes iron. Although unchanged in the air 
at ordinary temperatures, when heated in finely divided 
condition it ignites and burns to the oxide (WO3). Its 
melting-point is variously given as 2650° (Ruff), 2850® 
(Weiss), 2900° (v. Wartenburg).t It is slowly attacked 
when heated with sulphuric or nitric acid; and readily 
attacked by a mixture of nitric and hydrofluoric acids, J 
forming WFe or WOF4, and by fusion with alkalies and salt¬ 
peter. It is acted upon also by dry chlorine at high tem¬ 
peratures. It forms alloys with other metals. The specific 
gravity of tungsten is from 19.3 to 20.2. 

Compounds. § A. Typical forms. The following com¬ 
pounds of tungsten may be considered typical: 


Oxides 11 . WO2 WO3 

Chlorides..WCI2 WCh WCIfi WCle 

Oxychlorides. WOCI4 

VJOiCh 

Bromides.WBr2 WBrs 


* See Weiss, Zeitsch. anorg. Chem. lxv, 279. 
t U. S. Bureau of Standards gives 3400° C. 

Jeffries, Eng. and Min. Jour. (1918) 227, gives 3350° C. 
t For solubilities Ruder, Jour. Amer. Chem. Soc. xxxiv, 387. 

§ See also Rosenheim, Zeitsch. anorg. Chem. liv, 97. 

II Some authorities give three oxides between the dioxide and the trioxide, viz., 
W2O6, WsOs, and WAi* 
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Oxy bromides. W 0Br4 

W02Br2 

Iodide.WIi 

Fluoride. WFe 

Double fluorides.. KF • WO2F+H2O ZnF2 • WO2F2 -h 10H2O; 

etc. 

Carbide. WC 

Cyanides *. K:4W(CN)8;K3W(CN)8 

Boride t. WB2 

Silicide. WSij 

Sulphides. WS3 WS3 

Sulpho salts. R2WS4 

R2WS2O2 

R2WSO3 


Tungstates, many salts of the types R2WO4 (normal) 

R2W4O13 (meta) 
R6W7O24 (para) 

Tungstic trioxide (acid) combines with phosphoric 
pentoxide, arsenic pentoxide, and silicon dioxide in the 
following proportions: 

P2O5: WO3:; 1: 22, 1: 21, i: 20, i: 16, i: 12, i: 7. 

AS2O5 : WOgi: 1:16, 1: 6, 1: 3. 

Si02: WO3:: 1: 12, 1:10. 

B. Characteristics. The compounds of tungsten are 
very similar to those of molybdenum, and are known 
in several conditions of oxidation {vid. Typical Forms), of 
which the highest is the most stable. The trioxide, (WO3), 
united with the bases, forms the largest number of salt", 
the tungstates. The alkali tungstates are the chief soluble 
salts. When acted upon by reducing agents, tungstic 
acid or trioxide may be reduced to the dioxide, (W02)^ 
the solution becoming blue, then brown. WTien the solu¬ 
tion of a timgstate is acidified, tungstic acid is precip¬ 
itated. Tungstic sulphide, (WS3),is obtained under the 
same conditions as molybdenum sulphide, and is brown. 

* 01 ssoii, Ztschr. anorg. Chem. Lxxxvm, 49; Rosenbeim, Ber, Dtscb. diem. 
Ges. xLvn, 392. 

t Wedekind, Ber. Dtsch. diem. Ges. XLVi, 1198. 
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It dissolves in ammonitim sulphide, forming a sulpho 
salt. 

Estimation.* Tungsten is ordinarily weighed as the oxide 
(WO3), obtained (i) by igniting ammonium tungstate; (2) 
by decomposing the alkali tungstates with nitric acid, 
evaporating to dryness, and extracting with water,—^tung- 
Stic acid remaining undissolved; (3) by precipitating mer¬ 
cury tungstate and driving off the mercury by means of 
heat, leaving the acid or oxide; (4) by boihng fused lead 
tungstate with strong hydrochloric acid,—tungstic acid 
being precipitated (Brearley, Chem. News lxxix, 64). 

Separation. Txingsten may be separated from the me¬ 
tallic bases and many other elements by the following 
process: fusion with an alkali carbonate, extraction of the 
alkali tungstate with water, acidification with nitric acid, 
evaporation to dryness, and extraction with water,—^tung- 
Stic acid remaining undissolved. 

For the separation of tungsten from molybdenum and 
vanadium, see those elements. From arsenic and phos¬ 
phorus tungsten is separated by magnesium mixture 
(Gooch, Amer. Chem. Jour, i, 412; Gibbs, Amer. Chem. 
Jour. VII, 337). 

From tin the separation may be accompKshed (i) by 
ignition with ammonium chloride, tin chloride being vola¬ 
tilized (Rammelsberg); (2) by fusion with potassium cyanide, 
the tin being reduced to the metal and the tungsten being 
converted into a soluble tungstate (Talbot). 


EXPERIMENTAL WORK ON TUNGSTEN. 

Experiment i. Extraction of tungstic acid from wol¬ 
framite ((Pe,Mn)WOJ. Treat 5 grm. of the finely powdered 
mineral with about 10 cm.® of a mixture of equal parts of 
hydrochloric acid and water, and boil as long as any action 


• For the estimation in ores see Low’s Technical Methods of Ore Analysis. 
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seems to take place. Decant the solution, add to the 
residue about 10 cm.® of a mixture of nitric and hydro¬ 
chloric acids (aqua regia), and warm. Add more acid if 
necessary, and continue this treatment until the residue is 
yellow; filter, and wash with dilute hydrochloric acid and 
then with water. Warm the yellow mass with ammonium 
hydroxide as long as any solvent action is observed, and 
filter. Evaporate the filtrate to dryness and ignite the 
ammonium tungstate to obtain tungstic acid. 

Experiment 2. Formation of sodium tungstate and meta¬ 
tungstate (Na2W04 and Na2W40i3, typical), (a) Dissolve a 
little tungstic acid in a solution of sodium carbonate. 

( 5 ) Dissolve a little tungstic acid in a solution of sodium 
tungstate. ■ 

Experiment 3. Precipitation of tungstic sulphide CWS3), 
and formation of the sulpha salt ((NH4)2WS4). (a) To a 

solution of sodium or ammonium tungstate add ammonium 
sulphide, and acidify with hydrochloric acid. 

(6) Try the action of hydrogen sulphide upon a soluble 
tungstate. 

(c) Try the action of ammonium sulphide upon tungstic 
sulphide. 

Experiment 4. Precipitation of tungstic acid (WO3). 
Acidify a concentrated coluti n cf a tungstate with hydro¬ 
chloric or nitric acid and boil. Try the action of nitric 
and hydr'^chloric acids upon a •^ungstate in the presence of 
tartaric acid. 

Experiment 5. Precipitation of barium y lead, and silver 

I 

tungstates (R2WO4, typical). To separate portions of a 
solution of sodium tungstate acidified with acetic acid add 
solutions of barium, lead, and silver salts respectively. 

Experiment 6. Reduction of tungstic acid, (a) To a 
solution of a tungstate (e.g., sodium tungstate) add a solu¬ 
tion of stannous chloride. Acidify with hydrochloric acid 
and warm gently. (&) To a solution of a tungstate add zinc 
and hydrochloric acid and warm gently. 
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Experiment 7. Salt of phosphorus head tests. Make a 
bead of microcosmic salt, and heat it in the oxidizing and 
reducing flames with a small particle of tungstic acid. 
Try the effect of a small amount of ferrous sulphate upon 
the bead heated in the reducing flame. 


URANIUM,* U, 238.2. 


Discovery. Klaproth, in the year 1789, discovered that 
the mineral pitch-blende, supposed to be an ore of zinc, 
iron, or tungsten, contained a “half-metallic substance“ 
differing in its reactions from all three (Crell Annal. (1789) 
II, 387). This he named Uranium in honor of Herscheks 
discovery of the planet Uranus in 1781. The body that 
Klaproth obtained was really an oxide of uranium, as 
P 61 igot showed in 1842, when he succeeded in isolating 
the metal (Ann. de Chim. (1842) v, 5). 

Occurrence. Uranium is found combined in a few min¬ 
erals, most of them rare. Pitch-blende is the most abun¬ 
dant source. 


Uraninite {pitch-blende) , UO3 • UO2 • PbO • N, etc., 
Broggerite, vid, Uraninite, 

Cleveite, vid. Uraninite, 

Nivenite, vid. Uraninite, 

Thorianite, Th02*U308, 

CummitCj (Pb,Ca)U3SiOi2* 6H2O?, 

Thorogummite, UOs • 3Th02 * 3Si02 • 6H2O, 
Pilbarite, PbO-UOa *Th02* 2Si02- 2H20-h2HA 
Mackintoshite, UO2 • 3Th02 • 3Si02 • 3H2O, 
Uranophane, CaO • 2UO3 * 2Si02* 6H2O, 

Naegite,t silicate, 

Uranosphaerite, (Bi0)2U207*31120, 

Walpurgite, Biio(U02)3(OH)24(As04)4, 

Camotitej K2O • 2UO3 • V2OS * 8H2O 
Torherhite, Cu (U02)2P208 * 8H2O, 

Zeunerite, Cu(U02)2As208 * 81120 , 


contains 75-85% (UO2+UO3) 

76-79% 

66 % 

- 67% 

12-25% U 
61-75% UO3 
22-23% “ 

27.09% 

21-22% UO2 
‘‘ 53-67% UO3 

28-29% UO2 
'' So-51% XJO3 

‘‘ 20-21% 

“ 62-65% “ 

“ 57-62% 

“ 55 - 56 % 


* For a discussion of radioactive properties, see Chapter III. 
t A Japanese nuneral, Chem. Zentr. (1905) r, 763. 
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Autunitej Ca(U02)2P208*8H20, 

contains 55-62% XJO$ 

Uranospinite, Ca (UO2) 2AS2O8 • 8H2O 

( c 

59-60% “ 

XJranocircite, Ba(U02)2P208* 81120 , 

ec 

56-57% “J ' 

Johannite, sulphate, formula doubtful, 

<c 

67-68% “ 

XJranopilite, CaO • 8UO3 • 2 SO3 • 2 5H2O, 

<c 

77-78% “ 

XJranochalcite, vid. XJranopilite, 

tt 

36% U3O4 

Zippeite, vid. XJranopilite, 

cc 

13-14% “ 

Voglianite, vid. XJranopilite, 

ec 

12% “ 

XJraconite, vid. XJranopilite, 

ec 

66-71% “ 

Thorite, ThSi04, 

ee 

1-10% UOj 

Phosphuranylite, (XJ02)3P208 • 6H2O, 

ee 

72-77% “ 

Trogerite, (XJ02)3As208‘i2H20, 

ee 

63-64% “ 

Rutherfordite, XJO2CO3, 

ec 

80-84% “ 

XJranothallite, 2CaC03 • XJ(003)2 * 10H2O, 

ec 

35-37% UOj 

Liebigite, CaCOs * (XJO2) CO3 • 20H2O, 

ee 

36-38% U03 

Voglite, complex carbonate, 

ec 

37 % UO3 

Hatchettolite, R(Nb,Ta)206*H20, 

ec 

15-16% UO3 

III 

Fergusonite, R(Nb,Ta)04, 

ee 

0- 8% UO, 

Sipylite, complex niobate, 

ee 

3 - 4 % “ 

Samarskite, R3R2(Nb,Ta)602i, 

ee 

10-13% UOs 

Nohlite, vid. Samarskite, 

ee 

14% UO 

Vetinghofite, vid. Samarskite, 

ee 

9 % UA 

Ainnerodite, complex, 

ee % 

16-17% UOs 

Hielmite, complex, 

ee 

5 % “ 

III lit 

Euxenite, R(Nb08)3* R2(Ti03)3*iH20, 

ee 

5-12% “ 

Polycrase, R(Nb03)3* 2R(Ti03)3*3H2O, 

ee 

1-19% “ 

Yttrocrasite, complex. 

ee 

2- 3 % “ 

Blomstrandite, tantalo-niobate, 

ee 

23% UO 

Xenotime, YPO4, 

ee 

4% UO3 


Extraction. Uranium salts may be extracted from pitch¬ 
blende as follows: 

(1) The mineral is decomposed with nitric acid, the 
acid solution is evaporated to dryness, and the mass is 
extracted with water. The residue, which consists largely 
of lead sulphate, iron arseniate, and iron oxide, is filtered 
off, and on evaporation of the solution impure nitrate of 
uranium crystallizes out, which may be purified by re- 
crystallization (Peligot). 

(2) The mineral is decomposed by aqua regia {vid. 
Experiment i). 
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The Element. A. Preparation, Metallic uranium may¬ 
be obtained (i) by heating a mixture of the chloride UCI3 
with sodium and potassium chloride in a porcelain cru¬ 
cible surrounded by powdered carbon contained in another 
crucible (Peligot); (2) by heating the oxide (UaOs) with 
sugar carbon in a carbon tube (Moissan). 

B, Properties. Uranium is a somewhat malleable white 
metal with much the appearance of nickel. Heated in 
air or oxygen to a temperature of 150^-170"^ C. it bums 
to the oxide; at ordinary temperatures the oxidation takes 
place slowly. Uranium dissolves slowly in cold dilute sul¬ 
phuric acid, and more rapidly upon the application of heat. 
It is soluble in nitric and hydrochloric acids. It is attacked 
by chlorine at 150° C. and by bromine at 240® C. The caustic 
alkalies have no apparent action upon the element. The spe¬ 
cific gravity of uranium is 18.6. Its melting-point is 1850° C. 

Compounds.* A. Typical forms. The following are typ¬ 
ical compounds of uranium: 


Oxides t*. UO2 V,Os(UO,+ 

2 V 0 i) UO3 

Carbonates. UO2CO3 *2X2003 

U02C03-2(NH4)2C0, 

Chlorides. UCI3 UCl^ UCI5 UO2CI2 

Bromides. UBrj UBr4 UBrg U02Br2 

Iodide. UI4 

lodate. UOsCIOa)^ 

Fluorides.UFj IJF4 UFe UO2F2 

UOF2 UOaFa-NaF, etc. 

Sulphides.US U2S3 US2 UOS2 

UOvS 

Sulphates.UH(SOJa U(S04)24- U02S04+3iH20 

4H2O 

UNTitrate.... U02(N08)2"i"6H20 

Nitride. UsN* 


♦See also Giolitti, Gazz. chim. ital. xxxv [n], 145, 151, 162, 170; Colani, 
Ann. Chim. Phys. [ 8 ]xii, 59-144 (1907); Mazzucchelli, Atti R. Accad. dei Lincei, 
Roma [5] XVI [ii], 576; also Chem. Zentr. (1908) 1, 218; Lancien, Chem. Zentr. 
<1908) I, 1763; Aloy, Chem. Zentr. (1907) n, 883. 

t Other oxides less well known than those given above are of the following 
lorms: UO, UjOj, U3O4, and UO4. 
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Boride. 

Ferrocyanides... . 
Phosphates, ortho. 

pyro.. 

meta.. 


UFe(CN)e 

UOHPO, 

(UO^PA 

UO(P03)2 


Arseniate. 

Uranates, of types R2UO4, R2U2O7, and RAOj. 
Peruranates, (Na202)2XJ04-8H20; (Pb0)2U04.PbU04. 


UB2 

(UO,),K,(FeC,N,), 

(U02)5H,(P0<), 

(U02)jP30, 

UO^CPOs), 

U02HAs044-4H,0 


B.. Characteristics. Uranium differs from molybdenum 
and tungsten in manifesting less marked acidic quali¬ 
ties. The chief classes of salts are the uranyl, in which 
uranium shows its highest degree of oxidation, corre¬ 
sponding to the oxide UO3 (e.g., UO2CI2), and the ura- 
nous, of which the oxide UO2 is the type (e.g., UCI4). 
The uranyl salts are the more stable and better known. 
They may be reduced by zinc and hydrochloric acid to 
the lower condition. The uranous salts are easily oxidized 
to the higher form. The uranyl salts are, in general, 
yellow, the uranous greenish. The two conditions of 
oxidation may be further distinguished by the following 
reactions: the precipitate resulting from the action of 
ammonium sulphide upon -uranyl salts is reddish brown,— 
upon uranous salts, light green; the precipitate resulting 
from the action of potassium ferrocyanide upon uranyl 
salts is blood-red,—^upon uranous salts yellowish green. 

I r 

Uranates of the types RjUO^ and RjU^O^ are formed by 
the combination of the oxide UO, with the strong bases. 

Estimation.* A. Gravimetric. Uraniixm may be 
■weighed (i) as urano-uranic oxide (UjOg), obtained by 
precipitation of ammonium uranate by means of ammonia, 
and ignition in air or oxygen; (2) as -urano-uranic oxide, 
precipitated electrolytically by a current of 0.18 ampere 
and 3 volts at a temperature of 70° C. (Smith and Wallace, 
Jour. Amer. Chem. Soc. xx, 279; Smith and Kollock, ibid. 


* Vid. Kem, Jour. Amer. Chem. Soc. xxm, 685. For the estimation in ores, 
see Low’s Tedmical Methods of Ore Analysis. 
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XXIII, 607); (3) as uranous oxide (UO2), obtained by ig¬ 
nition of urano-uranic oxide in a current of hydrogen; 
(4) as the pyrophosphate ((U02)2P207), obtained by pre¬ 
cipitation by means of ammonium phosphate in the pres¬ 
ence of ammonium acetate, and ignition. 

B. Volumetric. Uranium may be estimated volumet- 
rically (i) by reduction from the higher (UO3) to the lower 
(UO2) condition of oxidation by means of zinc and sul¬ 
phuric acid, and oxidation with permanganate, according 
to the following formulae (Pulman, Amer. Jour. Sci. [4] 
XVI, 229); 

(1) U02S04+Zn + 2H2S04=ZnS04-t-U(S04)2+2H20; 

(2) 2KMn04 + sU(S04)2 + 2H20 = 

2KHSO4 + 2 MnS04 -f- H2SO4+SUO2SO4; 

(2) by reduction with titanous sulphate and oxidation 
with permanganate (Newton and Hughes, Jour. Amer. 
Chem. Soc. xxxvii, 1711). 

Separation.* From the metals which precipitate sul¬ 
phides with hydrogen sulphide in acid solution, uranium 
may be separated by hydrogen sulphide. From iron, 
nickel, and other members of its own group it may be 
separated by ammonium sulphide in the presence of an 
excess of sodium or ammonium carbonate, the uranium 
salt remaining in solution. From the alkalies and alkali 
earths the separation may be accomplished by means of 
ammonium sulphide in the presence of ammonium chloride, 
uranium oxysulphide being precipitated. 


♦ Vid, Kem, Jour. Amer. Chem. Soc. xxni, 685. For the estimation in ores, 
see Low’s Technical Methods of Ore Analysis. 
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EXPERIMENTAL WORK ON URANIUM. 

Experiment i. Extraction of uranium salts from pitch-- 
blende. Warm 5 grm. of pulverized pitch-blende with 
aqua regia until the decomposition is complete, and remove 
the excess of acid by evaporation. Extract with water and 
boil the solution a few minutes with sulphurous acid to 
reduce the arsenic acid. When the liquid is at about 60® Co, 
pass hydrogen sulphide through to the complete precipita¬ 
tion of arsenic, copper, lead, bismuth, and tin. Filter, 
oxidize the filtrate with nitric acid, and precipitate with 
ammonium hydroxide. Treat the precipitate with hot 
concentrated ammonium carbonate, filter, and allow the 
filtrate to cool. The double carbonate of uranium and 
ammonium will separate. A further precipitate, of crude 
ammonium uranate, maybe obtained byboilmg the mother- 
liquor. Uranium salts may be extracted from carnotite 
by the method described under Vanadium, Experiment i, 
page 114, the sodium hydroxide precipitate being treated 
with hot concentrated ammonium carbonate, as directed 
above. 

Experiment 2. Precipitation of sodium^ potassium, or 

I 

ammonium uranate, (R2U2O7, typical). To a solution of 
auranyl salt add sodium, potassium, or ammonium hy¬ 
droxide. Note the yellow color of the precipitate and the 
insolubility in excess of the reagent. Repeat the experi¬ 
ment with hydrogen dioxide present in the solution. 

Experiment 3. Formation of the soluble double car¬ 
bonates of uranium with sodium or potassium, and uranium 

I 

with ammonium, (XJOjCOj-2RJCO3) • (a) To a solution of 

a uranyl salt add a solution of sodium or potassitim car¬ 
bonate, noting the first and the final effects. Try the re¬ 
sult of boiling, and of adding sodium or potassium hydrox¬ 
ide to a separate portion of the clear solution. 
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(h) Try similarly the action of ammonium carbonate 
upon a uranyl salt in solution. Note the ready solvent 
action of an excess of the carbonate, and the precipitation 
of ammonium uranate, ((NH4)2Uj07), on boiling. 

(c) To a solution of a uranyl salt add hydrogen di¬ 
oxide and potassium or sodiiim carbonate. Note the 
cherry-red color (Aloy). 

Experiment 4. Precipitation of uranyl ferrocyanide, 
((U02)3K2(FeC6N6)2 or (U02)2FeC6N6). (a) To a very 

dilute solution of a uranyl salt add a little potassium ferro¬ 
cyanide in solution. Note the red precipitate. This is a 
delicate test for uranyl salts. The precipitate, which is 
similar in color to that formed with cupric salts, may be 
distinguished from copper ferrocyanide by its decomposi¬ 
tion on treatment with potassium hydroxide with the 
formation of yellow insoluble potassium uranate. 

(6) Try similarly the action of potassium ferricyanide. 
Experiment 5. Precipitation of uranyl phosphate, 
(XJO2HPO4). To a solution of a uranyl salt add a solution 
of hydrogen disodium phosphate. Try the action of the 
common acids upon the precipitate. 

Experiment 6. Precipitation of uranyl sulphide, 
(UO2S). (a) To a solution of a uranyl salt add ammonium 

sulphide. Note the dark-brown color of the precipitate, 
and the insolubility in excess of the reagent. 

(b) Try the action of hydrogen sulphide upon a uranyl salt. 
Experiment j. Reduction of uranyl salts. (a) To a solu¬ 

tion of a uranyl salt add zinc and sulphuric acid. Note 
the change of color from yellow to green. 

(b) Bring about the reduction with magnesium and 
acid. Test the uranous salt in solution with potassium 
ferrocyanide and with ammonium sulphide. 

Experiment 8. Bead tests. Fuse a little of a uranium 
salt in a borax or sodium metaphosphate bead. Note the 
yellow color in the oxidizing flame, and green color in the 
reducing flame. * 




CHAPTER IX. 


, SELENIUM, Se, 79.2. 

Discovery, For some time previous to the discovery 
of selenium a red deposit had been noticed in the lead 
chambers used in the manufacture of sulphuric acid at 
Gripsholm in Sweden. The deposit was present when the 
sulphur employed had been prepared from pyrites from 
Fahlun, Sweden, but was seldom observed when the sulphur 
had been obtained from other sources. At first the un¬ 
known substance was supposed to be sulphur. When it 
was burned, an odor as of decayed cabbage was given off, 
and this was supposed to be caused by the presence of 
tellurium sulphide, although no tellurium could be ex¬ 
tracted from the material. In 1817 Berzelius, having 
become a shareholder in the acid works, examined the 
red deposit, and in a short time he annotmced the dis¬ 
covery of a new element. Because of its frequent associa¬ 
tion with tellurium, and its many points of similarity to 
that element, he named it Selenium, from GeX-qvri, the 
moon (Annal. der Phys. u. Chem. (1818) xxix, 229). 

Occurrence. Selenium is found usually in combination 
with the metals, as in the following minerals: 


Clausthalite,VhSe, contains. 27-28% Se 

Tiemannite, HgSe, “ 25-29% “ 

Guanajuatite, BijSCj, “ 24-34% “ 

Naumannite, (Agj,Pb)Se, “ 27-30% “ 

Berzelianite, CujSe, “ 39 “ 4 o% “ 

Lehrbachite, PbSe-HgSe, “ 24-28% “ 

Eucairite, CujSe-AgjSe, “ 3 i“ 32 % “ 

Zorgite, vid. Clausthalite, “ 29-34% 
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Crookesite, (Cu,Tl,Ag)2Se, contains 

Onofrite, Hg(S,Se), “ 

Weibullite, aPbS-61433863, “ 

Chalcomenite, CuSeOs-21120, “ 

Tellurium (native), Te, “ 

Selen-sulphur, rJcSe-3^3, “ 

8elen-tellurium, 3Te-2Se, “ 

It is found also in some volcanic lavas, and in anode 
muds in electrolytic copper refineries. 

Extraction. Selenium salts may be extracted from flue- 
dust by the following methods: 

(1) The soluble material is dissolved by treatment 
with water, and the selenium is extracted from the residue 
by aqua regia (Berzelius; vid. Experiment i). 

(2) The seleniferous material is digested with a solu¬ 
tion of potassium cyanide at a temperature of 8o°-ioo° C. 
until the red color has changed to gray, (KSeCN). The 
selenium goes into solution and may be precipitated by 
hydrochloric acid (Pettersson, Ber. Dtsch. chem. Ges. 
VII, 1719). 

(3) The flue-dust or mineral is fused with sodium car¬ 
bonate, and the selenium is extracted with water as sodium 
selenide and selenite, (Na^Se; Na^SeOj). 

The Element. A. Preparation. Selenium in the ele¬ 
mentary condition may be prepared by the action (i) of 
sulphur dioxide, zinc, or iron, upon selenious acid (Ber¬ 
zelius) ; (2) of hydrochloric acid upon sodium seleno-sul- 
phite (Pettersson); (3) of potassium iodide, sodium thio¬ 
sulphate, etc., upon selenious acid. 

B. Properties. Like sulphur, selenium is known in 
several allotropic modifications,* and may be either soluble 

* For discussions of these modifications, see Saunders, Jour. Phys. Chem. 
(1900) IV, 423; Marc, Physikalisch-chemischen Eigenschaften des metaUischea 
Sdens, pub. by Leopold Voss, Hamburg, 1907; de Conmck, Bull. Acad. roy. 
Belgique (1907), 365, or Chem. Zentr. (1907) n, 575; Pochettino, Atti AccadL 
Lincei, Roma [5] xx [i], 428. 


30-33% Se 
4 - 6 % “ 
0-14% “ 
48-49% Se02 
6- 7%Se 
35-66% “ 
29-30% “ 
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or insoluble in .carbon disulphide. In soluble form selen¬ 
ium is a red powder which softens at 50^-60^ C., is partly 
fluid at 100® C. and is completely fused at 250® C . After 
it has been melted it remains in a plastic condition for a 
-long time and has a metallic luster. Its specific gravity 
is 4.2 to 4.3. From a warm solution in carbon disulphide 
the element separates in red, monoclinic, crystalline plates, 
•^nd from a cold solution in orange-red monoclinic crys¬ 
tals of different type. The specific gravity of these crys¬ 
talline varieties is 4.4 to 4.5. Selenium insoluble in carbon 
disulphide may be obtained by allowing the element to 
cool very slowly after it has been heated to a higher tem¬ 
perature than 130"^ C., or by allowing the oxygen of the 
air to act upon selenides in aqueous solution. Under 
these conditions the element assumes the so-called metallic 
form, crystallizes in steel-gray hexagonal crystals, and 
becomes isomorphous with tellurium. Selenium in this 
form is a poor conductor of electricity, but when heated to 
about 200® C. it becomes a good conductor. Metallic 
selenium melts at 217^ C. without previous softening. Its 
specific gravity is 4.8. 

Selenium boils at 700° C., yielding a dark-yellow vapor 
which, when condensed and cooled, assumes a form similar 
to flowers of sulphur; this is called flowers of selenium. 
The element is soluble in sulphuric acid, giving a green 
solution, and is oxidized by nitric acid to selenious acid, 
(H2Se03). It combines with metals to form selenides. 
When heated in air or oxygen it bums with a blue flame 
and goes over to the dioxide, (Se02). It is a poor conductor 
■of heat and electricity. 

Compounds.* A. Typical forms. The following com¬ 
pounds of selenium may be considered typical: 

♦Rimini, Gaz. chim. ital. xxxvii [i], 261; Pellini, Atti Accad. Lincei, Roma 
[5] XV [i], 629, 711; [n], 46; xvin [n], 211; or Review in Jour. Amer. Chem. Soc. 
XXIX, 395; Vanino, J. prakt. Chem. xci, 116; Gutbier, Ztschr. anorg. Chem. 
lUDQOX, 307. 







SELENIUM. 147 

Oxides. Se 02 

Fluorides. vScF4 SePe?* 

Chlorides.Se^Clj ScCl^ 

SeClaBr 

Oxychloride. ScOClj 

Bromides.Se,Br, SeBr. 

ScClBr, 

Iodides.Fc'Jj Scl^ 

Seleno-sulphitc... .SeSOj 

Alums. RjAl2(ScOJ^ + 24HjO 

Thiostdenic acid. . . HjSScOj 

Thioschiniatc. K^SSeO, 

Cyanides.d'NljSe 

Hd'XjSe 

KlCXjSe 

RA'XjSej 

Nitride.X^Se 

Phosphides.I’^Se, 

P,Se, 

Selenides.H^Se 

CSea 

NiHe 

KgSa 

Na2Se2, Na 2 Se 3 ,t Na^wSeOa.t R 2 Se 04 
Ki-Se, etc. 

Acids (selenious and selenic) HaSeOg, H2Se04 

t I 

Salts (selenites and seleniates) RaSeOa.f RaSeOi 

B. Characteristics. The compounds of selenium, as will 
appear later, closely resemble those of tellurium, both 
in structure and in behavior toward reagents. They 


* Ramsay* Ccimpt rend. c:xli¥, 1196; Lebmu, Compt rend, cxlv, 190* 
t MathewiKin, Jnur. Arntr. Chem. Scjc. xxix, S67. 
t For selenites of the rare mrths lee E»pil^ Compt. rend, cm# J7S. 
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are, however, rather more sensitive to the action of 
reducing agents, and readily precipitate the red amor¬ 
phous variety of the element, which tends to become 
black when heated. Hydrogen selenide is a gas which 
acts like hydrogen sulphide and hydrogen telluride, 

I 

and precipitates the selenides (R^Se). By the treatment 
of elementary selenium with nitric acid or aqua regia 
and evaporation to dryness, selenious oxide, (SeO-J, is 
formed, which dissolves in water, forming selenious acid, 
(HjSeOa). By the action of powerful oxidizing agents, 
such as chlorine, bromine, or potassium permanganate, 
selenious acid may be oxidized to selenic acid, (H^SeO^), 
which is not reduced by sulphur dioxide. These acids 

• I I 

form salts of the types R^SeOj and RjSeO^. By the action 
of reducing agents, such as sulphur dioxide or ferrous 
sulphate, red amorphous selenium may be readily pre¬ 
cipitated from selenious acid. Two chlorides, (SejCl^; 
SeCl^), and the corresponding bromides and iodides are 
known. When selenium is heated, a characteristic, pene¬ 
trating odor is given off which has been variously described 
as like that of garlic, decayed cabbage, and putrid horse¬ 
radish. This odor is caused by the formation of small 
amounts of the hydride. 

Estimation. A. Gravimetric. Selenium is generally 
weighed as the element, obtained by treating solutions 
of its compounds (i) with sulphurous acid in hydrochloric 
acid solution; (2) with potassium iodide in acid solution 
(Peirce, Amer. Jour. Sci. [4] i, 416); (3) with hypophos- 
phorus acid in alkaline solution (Gutbier and Rohn, Zeitsch. 
anorg. Chem. xxxiv, 448). Other reducing agents may be 
used {vid. Gutbier, Ztschr. anal. Chem. liv, 193). 

B. Volumetric. Selenium may be determined volu- 
metrically (i) by oxidizing selenious acid to selenic by 
means of standard potassium permanganate in sulphuric 
acid solution, using an excess of permanganate, and titrat- 
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ing back witli oxalic acid (Gooch and Clemons, Amer. 
Jour. Sci. [3] L, 51); (2) by reducing selenic or selenious acid 
by means of potassium iodide in hydrochloric acid solution, 
(SeO, + 4HI=2Hp + Se + 2I2; SeOa + 6HI=3H,0 + Se + 3I ,), 
and determining by appropriate means the iodine set free 
(Muthmann and Schaefer, Ber. Dtsch. chem. Ges. xxvi, 
1008; Gooch and Reynolds, Amer. Jour. Sci. [3] l, 254); 
(3) by reducing selenic acid to selenious by boiling with 
hydrochloric acid, (Se03+2HCl = Se02 + H20 + Cl2), then 
passing the free chlorine into potassium iodide, and deter¬ 
mining the iodine set free (Gooch and Evans, Amer. Jour. 
Sci. [3] L, 400); (4) by employing potassium bromide and 
sulphuric acid instead of hydrochloric acid in (3) (Gooch 
and Scoville, Amer. Jour. Sci. [3] l, 402); (5) by boiling 
a solution of selenious acid with sulphuric acid, a known 
amount of potassium iodide, and an excess of arsenic acid; 
the reduction of the selenious acid will decrease the reduction 
of arsenic acid; the quantity of arsenious acid present at 
the close of the action may be measured, after neutral¬ 
ization with potassium bicarbonate, by standard iodine 
(Gooch and Peirce, Amer. Jour. Sci. [4] i, 31); (6) by the 
reduction of selenious acid to elementary selenium by 
means of standard sodium thiosulphate solution in excess 
in the presence of hydrochloric acid,—the excess of thio¬ 
sulphate being determined by standard iodine solution 
(Norris and Fay, Amer. Chem. Jour, xvni, 703; Norton, 
Amer. Jour. Sci. [4] vii, 287); (7) by boiling elementary 
selenium with ammonia and standard silver nitrate solution, 
acidifying with nitric acid, and determining the excess 
of silver nitrate by ammonium sulpho-cyanide, with ferric 
alum as indicator; the quantity of seleniurn present is 
calculable from the quantity of silver nitrate used, as is 
shown in the following equation; 4AgN03-l-3Se + 3H20 
= 2AgjSe + H3Se0j-t-4HN08 (Friedrich, Zeitsch. angew. 
Chem. XV, 852). 

Separation. Selenium is separated, together with tel- 


150 


THE RARER ELEMENTS. 


lurium, from other elements by methods given under 
Tellurium, where the separation of these two elements 
from each other is also discussed. 

EXPERIMENTAL WORK ON SELENIUM. 

Experiment i. Extraction of selenium from (i) flue- 
dust and (2) seleniferous residues from electrolytic refining of 
copper, (i) Treat about 25 grm. of the washed flue-dust 
with aqua regia as long as any evidence of action is 
observed, and evaporate to dryness. Extract the residue 
with about 25 cm.® of strong common hydrochloric acid, 
and filter. To the filtrate add about a gram of dry ferrous 
sulphate, and warm gently if necessary. Filter off the red 
amorphous selenium. 

(2) Treat about 25 grm. of the residues with strong 
commercial hydrochloric acid, warm as long as anything 
appears to dissolve, and filter. Precipitate the selenium 
as in (i). Save the filtrate to be examined later for tel¬ 
lurium. 

Experiment 2 . Preparation of selenium dioxide, (SeOj). 
To a small amount of elementary selenium add nitric acid 
until the oxidation is shown to be complete by the cessation 
of the evolution of red fumes (oxides of nitrogen). Evapor¬ 
ate to dryness and warm gently. The white residue is 
selenium dioxide. Dissolve this in a little water to form 
selenious acid, (HsSeOa). 

Experiment 3. Precipitation of selenites. (a) To a little 
selenious acid add a few drops of a barium salt in solution. 
Test the action of hydrochloric acid upon the precipitate. 

(b) Try the action of cupric sulphate upon a little sele¬ 
nious acid. 

(c) Try similarly the action of a solution of mercurous 
nitrate. 

Experiment 4. Formation of selenic acid (H2Se04). 
(a) To'a few cm.® of selenious acid add first a small amount 
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of sulphuric acid and then a solution of potassium per¬ 
manganate until the purple color is permanent. Bleach 
by the careful addition of oxalic add. 

(fe) Pass chlorine gas into water in which some ele¬ 
mentary selenium is suspended. 

Experiment 5. Reactions with selenic acid, (a) To a 
solution of selenic acid formed as in 4 (6) add a little 
barium salt in solution. Note the precipitation of barium 
selenate (BaSe04). 

(b) Try the action of a solution of cupric sulphate 
upon a solution of selenic acid. Compare with 3 (b). 

(c) To a solution of selenic acid, free from chlorides, add 
a little mercurous nitrate in solution. Note the precipitate 
of mercurous selenate (Hg2Se04). 

Experiment 6. Reduction of selenic acid to selenious. 
Add to a given volume of selenic acid half as much strong 
hydrochloric acid and boil to about two thirds of the total 
volume. Note the evolution of chlorine. Test by starch 
iodide paper. 

Experiment 7. Precipitation of elementary selenium. 
Try the action of the following reducing agents upon dilute 
selenious acid: sulphur dioxide, hydrogen sulphide, acid 
sodium sulphite, potassium iodide, stannous chloride, 
ferrous sulphate. 

Experiment' 8. Solvent action of carbon disulphide upon 
selenium. To a little dry, washed, ainorphous selenium 
add carbon disulphide. Filter, and allow the filtrate to 
evaporate. 

Experiment 9. Solvent action of potassium cyanide upon 
selenium. To a small amount of the red amorphous sele¬ 
nium add a few cm.® of a dilute solution of potassium 
cyanide (poison!), warm gently, and filter. To the filtrate 
add hydrochloric acid. 

Experiment 10. Behavior of selenium when subjected to 
heat. Heat a small amount of elementary selenium on a 
glass rod. Note the odor, and the color of the flame. 
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Experiment ii. Action of strong sulphuric acid upon 
selenmm. To a small amount of elementary selenium add 
a few cm.^ of strong sulphuric acid and warm. Note the 
green color. Allow to cool and add water. Note tlv* 
precipitation of thp selenium (wSeS()3 4 -H 2 n^"±IIoS( )4‘rvSe). 

TELLURIUM, Te, 127.5*^ 

Discovery. Native tellurium, which is cjuite widely 
distributed in small quantities, was a ]mzzle to tlu* (‘arly 
mineralogists. Because of its non-metallic pro]H‘rli(‘S and 
its metallic luster it was known as auriini panuloxam and 
metalhim problcmaiicum. In 1782 Miiller von Reichen- 
stein, after some careful work on this interesting substance, 
suggested that a peculiar metal might be present. Acting 
on the suggestion, Klaproth undertook an investigation, 
and in 1798 he demonstrated that the ''metar' was not 
identical with any known element. He proposed the 
name Tellurium, from tellus, earth (Crell Annal. (179H) i, 
91). 

Occurrence. Tellurium occurs in combination and also, 
sparingly, nativet 

(Ag,Au)2Te, contains.. 32-35% Te 

Goldschmidtite, Au2AgTec, “ .. 59-60% “ 

Hessite, Ag2Te, “ . . 37~44% “ 

* See Lenher, Jour. Amer. Chera. Soc. xxx, 741, for a review of the work oa 
the homogeneity of tellurium. Marckwald (Ber. Dtsch. chem. Ges. XL, 473©) 
claims that previous atomic weights have been defective, and gives 126.85 
the result of his work. Later (xmi, 710) by means of volumetric methods he 
arrives at 127.6 as the result. Browning and Flint and later Flint (Amer. Jour. 
Sci. [4I xxvnr, 347; xxx, 209) obtained a value appr<mching 126.5. Utrcourt 
and Baker (Jour. Chem. Soc. (London) xax, 1311) reaffirm 127.5 and Dennis and 
Anderson Qour. Amer. Chm. Soc. xxxvi, 882) reach the same conclution. For a 
discusrion of the whole subject see Fellini, Ueber das Atomgewicht d« Telkirs, 
pub. by Ferd. Enke, Stuttgart, 1915. 
t Fellini, Gaza. chim. ital. xxv, I, 469. 
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Empressite, AgTe, contains.. 

54-55% Te 

Altaite, PbTe, 

cc 

37-38% “ 

Coloradoite, HgTe, 

it 

38-39% 

Melonite, NisTes, 

it 

73-76% 

Kalgoorlite, HgAu2Ag6Te6, 

te 

37-56% “ 

Sylvanite, (Au,Ag)Te2, 

tt 

58-62% “ 

■Calaverite, (Au,Ag)Te2-AuTe2, 

ee 

56-58% “ 

Krennerite, (Au,Ag)Te2-AuTe2, 

tt 

38-59% 

Muthmannite, (Au,Ag)Te 

tt 

46-47% 

Nagyagite, Au2Pbi4Sb3Te7Si7, 

tc 

15-31% “ 

Goldfieldite, sCu2S(Sb,Bi,As)2(S,Te)3 

tt 

17% “ 

Tapalpite, 3Ag2(S,Te)-612(3,Tejs?, 

i i 

20-24% 

Von Diestite, xAg2Te-yBi2Te3 

c t 

34-35% 

Tetradymite, Bi2Te3S3,* 

( t 

33-49% “ 

■Griinlingite, Bi^TeSj, 

tt 

12-13% “ 

Rickardite, CUjTe • aCuTe, 

11 

59-60% “ 

Joseite, formula doubtful. 

te 

15-16% “ 

Wehrlite, “ 

tt 

29-35% “ 

Stutzite, Ag^Te ?, 

It 

22-23% “ 

Tellurite, TeO^, 

tt 

79-80% “ 

Montanite, Bi2(OH)^TeOe?, 

it 

24-28% TeO, 

Emmonsite, formula doubtful. 

t i 

59-60% Te 

Durdenite, Fe2(Te03)3-4H20, 

t i 

47-64% TeOj 

Tellurium (native), Te, 

11 

93-97% Te 

Selen-tellurium, 3Te2Se, 

tt 

70-71% “ 


Tellurium is found also in residues from the electrolytic 
refining of copper, and in flue-dust from smelters working 
telluride gold ores. 

Extraction. Tellurium may be extracted by the follow¬ 
ing methods: 

(i) From tellurium bismuth (tetradymite). The mineral 
is mixed with its own weight of sodium carbonate, and 
■oil is added until the mass has the consistency of thick 


Amadori, Atti accacL Lined xxiv, II, 200. 
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paste. This is heated strongly in a well-closed crucible 
and then extracted with water. The extract, containing 
sodium sulphide and sodium telluride, (NajTe), is separated 
by filtration from the insoluble matter and left exposed 
to the air. The tellurium separates as a gray powder. It 
may be purified by distillation (Berzelius). 

(2) From sylvanite or nagyagite. The mineral is treated 
with hydrochloric acid, which dissolves the antimony, 
arsenic, etc. The residue is dissolved in aqua regia, the 
excess of acid is removed by evaporation, and the gold is- 
precipitated by ferrous sulphate. After the removal of 
the gold by filtration the tellurium is precipitated by sul¬ 
phur dioxide (Von Schrotter). 

(3) From -flue-dust containing tellurium. The material 
is treated with strong commercial hydrochloric acid {vid. 
Experiment i). 

The Element. A. Preparation. Elementary tellurium 
may be obtained (i) by the action of reducing agents, as- 
sulphurous acid, stannous chloride, or hydrazine upon the 
salts of tellurium; and (2) by the action of air upon soluble 
tellurides. 

B. Properties. Tellurium is generally considered a non- 
metal, though Berzelius classed it with the metals. It is 
known in two conditions: (i) the crystalline, in which the 
element has a luster like silver, and (2) the amorphous. It 
is unchanged in the air at ordinary temperatures, but when 
heated in air or oxygen it bums with a green flame, forming' 
the dioxide (TeO^). It is not attacked by hydrochloric- 
acid, but is acted upon slowly by concentrated sulphuric 
acid, with evolution of sulphur dioxide. It is oxidized by 
nitric acid and aqua regia to tellurous acid, (H^TeOs), and 
is dissolved in hot caustic potash, forming the teUuride 
and tellurite (K^Te; K^TeOg). It combines with metals 
to form tellurides and some alloys. Like selenitun andi, 
sulphur, it is a poor conductor of heat and electricity. Its 
specific gravity is from 6.1 to 6.3. 








TELLURIUM. 


rS 5 

Compotmds. A. Typical forms. Tlie following are typ¬ 
ical compotinds of tellurium: 


Oxides.TeO TeOj TeO, 

Chlorides*.TeCl, TeCl, 

Oxychloride. TeOCl^ 

Bromides.TeBr^ TeBr^ 

Oxyhromide. TeOBr^ 

Iodides.Telj Tel^ 

Fluoride. TeP^ 

Double fluoride. TeP^ • KF 

Nitrate (basic)'. Te203(0H)N03 

Sulphite.TeSOs 

Sulphate. 2 TeO 2 • SO3 

Sulphides (or sulpho salts). TeS2 • 3 K2S 

TeS2-Bi2S3, etc. 

Tellurides.H2Te,tCTe2j 

As2Te3 
K2Te, etc. 

Acids (teUurous and telluric) H2Te03§ H2Te04:|| 

Salts (tellurites and tellurates) R2Te03 R2Te04; 


B. Characteristics. The compounds of tellurium closely 
resemble in general structure those of sulphur and sele¬ 
nium. Hydrogen telLuride, (H2Te), like hydrogen sulphide, 
is a gaseous substance, and it precipitates metallic tel- 

lurides, (R2Te), similar to the sulphides. Two oxides, 
tellurous (Te02), and telluric, (re03), are well known,If 
hut, unlike the corresponding oxides of sulphur, they ^ 

*For an extended discussion of the halogen salts see Gutbier, Jour, prakt. 
Cliem..[2] Lxxxin, 14.5; Ztschr. anorg. Chem. lxxxvt, 169. 
t Dennis and Anderson, Jour. Amer. Chem. Soc. xxxvi, 882. 

I Stock, Ber. Dtsch. chem. Ges. Kirv, 1832. 

§ Denher, Jour. Amer. Chem. Soc. xxxv', 718. 

[I Gutbier favors the formula HeXeOs. See also Staudenmeier, Zeitsch. anorg; 
Ckem. X, 189; Guthier, Zeitsch. anorg. Chem. XL, 260; J. prakt. Chem. zxxxv, 
321; xxxxvT, 150; Faber, Zeitsch. anal. Chem. xlvt, 277. 

If A monoxide, (TeO), also has been descrihed. 
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are very sparingly soluble in water. Tbe acids, (H2Te03j 
H2Te04), may be formed by acidifying solutions of the 
fllVali salts (e.g., Na2Te03 or Na2Te02) which have been 
formed by the action of the alkali hydroxides upon 
the oxides (TeO^; TeOj). Many tellurites and tellurates, 
(RjTeOj; R^TeOJ, may be formed by treating the alkali 
tellurites or tellurates with soluble salts of the various 
bases. Two chlorides are known, (TeClj; TeCl^), both of 
which are decomposed by water. The corresponding 
bromides and iodides are also known. In general, com¬ 
pounds of tellurium are easily reduced to the element. 
The reduction, however, is not accomplished quite so 
readily as in the case of selenium compomds. 

Estimation.* A. Gravimetric. Tellurium is usually 
weighed as the element, obtained by treating solutions 
of tellurium compounds (i) with sulphur dioxide; (2) 
with hydrazine .sulphate in ammoniacal solution (Jan- 
hasch, Ber. Dtsch. chem. Ges. xxxi, 2377); (3) with hydra¬ 
zine hydrate or its salts in acid or alkaline solution (Gut- 
bier, Ber. Dtsch. chem. Ges. xxxiv, 2724); (4) with sul¬ 
phur dioxide and potassium iodide (Frericks, J. pr. Chem. 
[2] Lxvi, 261); (5) with iiypophosphorus acid (Gutbier, 
Zeitsch. anorg. Chem. xxxii, 295); (6) with grape-sugar 
in alkaline solution (Stolba, vid. Kastner, Zeitsch. anal. 
Chem. XIV, 142): (7) with acid sodium sulphite or mag¬ 
nesium {vid. Experiment i); (8) with sulphur dioxide and 
hydrazine hydrochloride (Lenher, Jour. Amer. Chem. Soc. 
XXX, 387). 

■*' It may be weighed also as the sulphate, (2Te02-S03), 
obtained by treating elementary tellurium with a mixture 


*See Gutbier, Studien iiber das Tellur, pub. by Hirschfeld, Leipzig^ 1902; 
Mac Ivor, Chem. News, Lxxxvri, 17,162. 
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of nitric and sulplitiric acids and evaporating (Metzner, 
Ann. Chim. Phys. [7] xv, 203). 

B. Volumetric, Tellurium may be estimated volumet- 
rically (i) by the reduction of telluric acid to tellurous by 
means of potassium bromide in sulphuric acid solution, 
(H2Te0^ + 2HBr = H2Te03-l-H20 + Br2), the bromine being 
passed into potassium iodide, and the iodine estimated 
by standard thiosulphate (Gooch and Howland, Amer. 
Jour. Sci. [3] XLViii, 37 s); (2) by the reducing action of 
strong hydrochloric acid upon soluble tellurates, chlorine 
being set free and passed into potassium iodide with libera¬ 
tion of iodine, as above; (3) by the action of standard 
potassium iodide solution upon a solution of tellurous 
acid containing twenty-five per cent, by volume of strong 
sulphuric acid, (H2Te03 + 4H2S04 + 4KI =Tel4 + 4KHS04 + 
3H2O), tellurous iodide being precipitated as a black, curdy 
mass, which, when shaken^ separates in such a manner that 
the point when precipitation ceases can easily be detected;, 
the quantity of tellurium present is calculable from the 
quantity of potassium iodide used (Gooch and Morgan,, 
Amer. Jour. Sci. [4] ii, 271); (4) by the oxidation of tellu¬ 
rous acid by means of standard potassium permanganate 
•in acid or alkaline solution (Norris and Pay, Amer.'Chem. 
Jour. XX, 278; Gooch and Peters, Amer. Jour. Sci. [4} 
VIII, 122). 

Separation.* From' the elements not easily reduced 
from their compounds to elementary form, tellurium may 
be separated in general by the action of sulphur dioxide in 
faintly acid solution; this precipitates elementary tellurium. 
From bismuth tellurium is separated by the action of 
potassium sulphide upon the precipitate thrown down 
from solutions by hydrogen sulphide,—^the tellurium dis- 


♦ See Gutbier, Studien tiber das Tellur. 
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solving. From antimony the separation may be accom* 
plished (i) by hydrazine hydrate, the tellurium being pre¬ 
cipitated (Gutbier, Zeitsch. anorg. Chem. xxxii, 260); 
(2) by treatment of a solution of sulpho-tellurite and sul- 
pho-antimonite with 20% hydrochloric acid in the pres¬ 
ence of tartaric acid, the tellurium separating out (Muth- 
mann and Schroder, Zeitsch. anorg. Chem. xiv, 433). From 
silver tellurium is separated by hydrochloric acid, the 
silver being precipitated; from gold by the action of heat 
on the two metals, tellurium being volatilized; from mer¬ 
cury by the action of phosphorus acid upon a cold dilute 
hydrochloric acid solution' of the salts, mercurous chloride 
being precipitated. 

From selenium tellurium may be separated (i) by. 
hydroxylamine in strong hydrochloric acid solution, the 
selenium being precipitated (Jannasch and Muller, Ber. 
Dtsch. chem. Ges. xxxi, 2388); (2) by sulphur dioxide in 
strong hydrochloric acid solution, selenium being pre¬ 
cipitated (Keller, Jour. Amer. Chem. Soc. xix, 771, and 
XXII, 241); (3) by fusion of the elements with potassium 
cyanide in the presence of hydrogen, tellurium being pre¬ 
cipitated when air is passed through a solution of the melt; 
(4) by the action of ferrous sulphate {vid. Experiment i); 

' (S) the greater volatility of the bromide of selenium 
(Gooch and Peirce, Amer. Jour. Sci. [4] i, 181); (6) by the 
action of acetic acid on a solution of an alkali tellurite and 
selenite, tellurous acid being precipitated (Browning and 
Flint, Amer. Jour. Sci. [4] xxviii, 112). 

EXPEPV.IMENTAL WORK ON TELLURIUM. 

Experiment i. Extraction of tellurium from flue-dust, or 
from waste products from the electrolytic refining of copper, 
(a) Treat about 10 gnn. of the material with strong com¬ 
mercial hydrochloric acid until nothing further dissolves. 
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and filter. To a small portion of tlie filtrate add ferrous 
sulphate, and warm gently. The presence of selenium will 
be indicated by a reddish precipitate. If selenium has thus 
been shown to be present, take about 5 cm.^ of the original 
filtrate, precipitate the selenium and tellurium by acid 
sodium sulphite or by magnesium, wash this precipitate, 
return it to the remainder of the filtrate, and heat to boil¬ 
ing. The selenium present will be precipitated by the 
tellurium. Remove the selenium by filtration and set it 
aside. Prom the filtrate precipitate the tellurium by acid 
sodium sulphite or by magnesium (Crane, Amer. Chem. 
Jour. XXIII, 408). 

Q)) Treat the residues with ammonium hydroxide as 
long as anything appears to dissolve. Phter, and acidify 
the filtrate with acetic acid. The tellurous acid is prei 
cipitated and the selenious acid remains in solution. The 
tellurous acid may be further purified by dissolving the 
precipitate in sodium hydroxide and reprecipitating with 
acetic acid. Dissolve in hydrochloric acid and precipitate 
the element as in (o) (Browning). 

Experiment 2. Action of strong sulphuric acid upon tel¬ 
lurium. To a small amount of elementary tellurium add a 
few cm.^ of strong sulphuric acid and warm. Note the 
reddish-violet color. This reaction constitutes a good test 
for tellurium. Allow to cool and add water. (See Sele¬ 
nium, Experiment ii). 

Experiment 2,- Preparation of tellurium dioxide, (Te02). 
To a small amount of elementary tellurium add nitric acid, 
evaporate to dryness, and heat gently. 

Experiment 4. Formation of an alkali tellurite, (RzTeOs). 
Dissolve a little tellurium dioxide in a solution of sodium 
or potassium hydroxide. 

Experiment 5. Formation of telluric acid, (HaTeO^. 
(a) To a solution of an alkali tellurite add sulphuric acid 
until the precipitate first formed dissolves. Then add grad¬ 
ually a solution of potassium permanganate until no further 
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bleaching action is noticed, (fc) To an alkaline solution of 
an alkali tellurite add hydrogen dioxide and warm. 

Experiment 6. Reduction oj telluric acid. To a solution 
of telluric acid prepared in the previous experiment 
add a little potassium bromide and sulphuric acid, and boil. 
Note the evolution of bromine and the reduction to tellu- 
rous acid. 

Experiment 7. Precipitation of tellurous iodide, (Tel4). 
To a solution of an alkali tellurite add sulphuric acid until 
the precipitate first formed dissolves. Then add a few 
drops of a solution of potassitom iodide. Note the black 
precipitate. 

Experiment 8. Action of potassium cyanide upon tellu¬ 
rium. Fuse a small amount of elementary tellurium 
with potassium cyanide out of contact with the air 
(2KCN+Te=K2Te+(CN)2). Extract with water and pass 
air through the solution. Note the precipitation of tellu¬ 
rium. 

Experiment 9. Precipitation of elementary tellurium. 
(a) Try the action of the following reducing agents upon 
separate portions of the filtrate obtained in Experiment i 
(2), Selenium, or of any acid solution containing tellurium: 
stannous chloride, hydrogen sulphide,* sulphurous acid, 
magnesium, and acid sodium sulphite. 

(b) Try the action of an alkali stannite upon a solution 
of an alkali tellurite. 

Experiment 10. Action of tellurium compounds before 
the blowpipe. Heat on charcoal a small amount of a tellu¬ 
rium compound. Note the white sublimate and the green 
color imparted to the reducing flame. 

Experiment ii. Negative test of tellurium. Try the 
action of ferrous sulphate upon an acidified solution of a 
tellurite. 

* Some authors give TeS2 or TeS+S as the constitutioa of the precipitate by 
hydrogen sulphide (Snelling, Jour. Amer. Chem. Soc. xxxiv, 802). 
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PLATIIHJM, Pt, 195.2. 

Discovery. In the year 1750 William Watson presented 
to the Royal Society a communication from William 
Brownrigg in which was described a “semi-metal called 
Platina di Pinto ’ ’ found in the Spanish West Indies. Wat¬ 
son stated that, so far as he knew, no previous mention had 
been made of this substance except by Don Antonio de 
Ulloa in the history of his voyage to South America, pub¬ 
lished in Madrid in 1748 (Phil. Trans. Roy. Soc. (1750) 
XLVi, 584). However, an earlier discovery is suggested by 
a statement of Scaliger in 1558, who, in combating the 
opinion of Cardanus, that all metals are fusible, declared 
that an infusible metallic substance existed in the mines of 
Mexico and Darien. As platinum is found in those coun¬ 
tries, it is probably the metal referred to. The name 
Platinum is derived from the Spanish platina, the diminu¬ 
tive of plata, silver. 

Occurrence. Platinum occurs alloyed with the various 
metals of its group—palladium, osmium, iridium, etc.—and 
associated with other metals, as iron, lead, copper, titanic 
iron, etc. It is found chiefly in the Ural Mountains,* asso¬ 
ciated with chrome iron ore, magnetite, cinnabar, diamonds, 
and gold, but also in Brazil, Mexico, Borneo, California, f 

* See-Duparc, Arch. Sc. phys. et nat. Gendve [4] xxxi, 211, 322, 439, 456, 516; 
Priwoznic, Oesterr. Ztschr. f. Berg- u. Htittenwesen, lx, 143, 155. 

tSee Mineral Resources, XJ. S. (1910), page 773; (1914), 333; Keller, J* 
Franklin Inst, cixxiv, 525- 
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Oregon, Washington, and elsewhere. The Brazilian sources 
have recently come into prominence, and Hussak (Zeitsch. 
f. Geo. XIV, 284) has described three types of ore from that 
country. The first is simihir to the Uralian platinum in 
composition and associated minerals. TIk; second cvtntains 
no gold or silver, is not associated with magnetite f>r 
chromite, and often contains a.s much as 21% of jKilladium. 
It occurs with rutile, xenotime, and diamonds. The third 
type is free from iron, poor in pallarlium, and occurs with 
quartz and tourmaline. Some of the Braziliiin ores contain 
from 73% to 83% of platinum. 

Platinum comprises usually from fifty to eighty per cent, 
of the alloys in which it occurs. It is fouiul combined in 
the mineral sperrylite, PtAs2, which contains about fifty- 
three per cent, of the metal. 

Extraction. Platinum may be extracted from its alloys 
by the following methods: 

(1) Fusion process. The material is fused with sulphide 
of lead. The iron present combines with the sulphur. 
The platinum alloys with the lead, while the t«miuni and 
iridium do not. The lead-platinum alloy is sepanitcd from 
the mass and cupelled. The platinum is left (Devillc and 
Debray). 

(2) Wet process. The pulverized alloy is heated in a 
porcelain dish with aqua regia as long as aetkm continues. 
The solution obtained is nearly neutralizetl with calcium 
hydroxide, and the iron, copjxjr, rhodium, iridium, and {>art 
of the palladium separate. After the removal of these, the 
filtrate is evaporated to dryness anti the residue is ignited 
and treated with water and hydrfx'hloric acid, Tlie plati¬ 
num, with traces of the platinum metals, remain.s. 

The Element. A. Preparation. As extracted from its 
alloys, platinum is in the elementary condition {vid. Ex¬ 
traction). 

B. Properties. In its usual form, elementary pkitinum 
is a grayish-white metal w'hich is very' malleabk* and 
ductile, but fusible only in the oxyhydrogen hlowpijxj flame 
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or by means of the electric current. Nemst* has deter¬ 
mined its melting-point as 1745° C.,t GuntzJ has found it 
somewhat volatile at fromiooo°C.toi3oo°C.,and Moissan§ 
has volatilized it in the electric- furnace. At no temperature 
is it oxidized by water or oxygen. Quennessen || finds it to 
be slightly soluble in sulphuric acid in the presence of 
oxygen, and Marie states that it is oxidized by acid and 
alkaline permanganate, by persulphates, chlorates, bi¬ 
chromates, alkaline ferricyanide, and concentrated nitric 
acid. Berthelot** finds it to be acted upon by fuming hydro¬ 
chloric acid in the presence of light and manganous chloride. 
It is readily soluble in aqua regia. Platinum is not acted 
upon by sulphur alone, but if alkalies are present with the 
sulphur some action takes place. It is attacked also when 
heated with potassium nitrate. Its specific gravity is 21.48. 

Besides the ordinary form, the element platinum is 
known to exist in two allotropic conditions: (i) spongy 
platinum, obtained by the ignition of ammonium chloro- 
platinate, and (2) platinum-black, obtained by reducing 
acid solutions of platinum salts. In both of these forms 
platinum condenses gases on its surface, ff 

Compounds. A. Typical forms. The following may be 
regarded as typical compounds of platinum: 


Oxides.PtO Pt,Oi PtOj PtO, 

Chlorides.PtCk PtCU PtCU 

Double chlorides.PtCh • SrCl2+ PtCU • 2AgCl, etc. 

6H2O, etc. 

Bromides.PtBr2 PtBri 

Double bromides.PtBr2 • 2KBr, etc, PtBr4• SrBra-h loHiO 


* Nemst, Ber. phys. Ges. iv, 48. 
t U. S- bureau of Standards gives 1755*^ C. 

J Guntz, Bull. soc..chim. [3] xxxm, 1306. 

§ Moissan, Compt. rend, cxm, 189. 

II Quennessen, Compt. rend, cxm, 1341. 

^ Marie, Compt. rend. cxLvi, 475. 

** Berthelot, Compt. rend, cxxxvin, 1297. 

ft Sieverts, Ber. Dtsch. chem. Ges. xlv, 221; Ztschr. anorg. Chem. xcit,329; 
Phillips, Amer. Chem. J. xvi, 163; Paal, Ber. Dtsch. chem. Ges. XLvni, 1195, 
Curtman and Rothberg, Jour. Amer. Chem. Soc. xxxin, 718. 
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Iodides.Ptia • S Ptl4 

Double iodides. Ptl^ • 2 KI, etc. 

Pluorides.PtFj PtF4 

^Sulphides.PtS PtSa 

Oxysulphide. PtOS 

vSulpho salts. 

‘Sulphites. PtSOs • R2SO3; PtSOg • 2Ra 

I 

.'Nitrites. R2(N02)4Pt 

I 

lodonitrites. R2(N02)2l2Pt 

^Cyanide.PtCCN)^ 

Hydro - platino - cyanic 

acid.H2Pt(CN)4 

I II 

Platino-cyanides *.R2Pt(CN)4; RPt(CN)4, typical 

Chloroplatinic acid.... H2PtCl6 

I II 

Chloroplatinates t. R2PtCl«; RPtClg, typical 

Chloroplatinite f.K2PtCl4 


B. Characteristics. The compounds of jdatinum may 
be divided into two classes, of which the platinous and 
platinic oxides, (PtO; Pt02), serve as types. The salts of 
the lower condition of oxidation are usually colorless or 
reddish brown; they give with hydrogen sulphide or am¬ 
monium sulphide a dark-brown precipitate of platinous 
sulphide, (PtS), which is soluble in ammonium sulphide. 
They are decomposed at red heat, and are slowly reduced 
to metallic platinum when boiled with ferrous sulphate. 
The salts of the higher condition of oxidation have a yellow 
or brown color, and like the platinous salts they are de¬ 
composed at red heat. Metals in general and organic 
"matter precipitate platinum from solutions of platinic 
salts. The brownish-gray platinic sulphide, (PtSg), is pre¬ 
cipitated by the action of hydrogen sulphide upon a solu¬ 
tion of chloroplatinic acid, (H2PtCl6); this sulphide dissolves 
slowly in ammonium sulphide. Salts of potassium and 
•ammonium act upon chloroplatinic acid precipitating the 

* Vid. Tschugajew, Ber, Dtsch. chem. Qes. XLVH, 2643. 

' t Zappi, Chem. Abs. x, 1307. 
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corresponding salts of that acid, (R2PtCl6). When platinous 
chloride dissolves in potassium cyanide, platinum potas¬ 
sium cyanide is formed, (K 2 Pt(CN) 4 + 4 H 20 ). Many salts 
of this type are known (Levy, Pro3. Roy. Soc. xxviii, 91). 

The platinum-ammonium compounds comprise a large 
number of complex salts * of the following types: 

(a) The platosamines, PtR2(NH3)4; PtR3(NH3)3; 

PtR2(NH3)3; PtR2(NH3); and (b) the platinamines, 

PtR,(NH3),; PtR,(NH3)3; PtR,(NH3)2; PtR,(NH3). 

In the above formulae R may stand for OH, Cl, Br, I, 
or NO3. These compounds are formed by the action of 
ammonia upon the platinum salts. 

Potassium iodide gives a red-brown color to very dilute 
solutions of platinum salts. 

Estimation. A. Gravimetric. Platinum is generally 
weighed as the metal, obtained (i) by precipitation from 
solutions of compounds by means of appropriate reducing 
agents, such as formic acid, alcohol in alkaline solution, or 
magnesium (Atterberg, Chem. Ztg. xxii, 538); (2) by pre¬ 
cipitation of the sulphide and ignition; (3) by precipitation 
of ammonium or potassium chloroplatinate, and decomposi¬ 
tion by heat into the metal and the volatile or soluble 
alkali chloride. 

B. Volumetric. Platinum may be estimated volumet- 
rically by reducing the tetrachloride by means of potas¬ 
sium iodide, (PtCl4 + 4KI=Ptl2 + l2 + 4KCl), and determin¬ 
ing by standard sodium thiosulphate the iodine thus liber¬ 
ated (Peterson, Zeitsch. anorg. Chem. xix, 59). 

Separation. From most other elements platinum may 
be separated by the action of reducing agents in precipitat¬ 
ing the metal from solutions. From the metals with which 
it is most often found associated it may be separated by 


*See Werner, Ber. Dtsch. chem. Ges. xl, 15; Rosenheim, Zeitsch. anorg. 
Chem. XLin, 34; Kirmreuther, Ber. Dtsch. chem. Ges. xliv, 3115; Chugaevr, 
Compt. rend. CLxn, 43. ' 
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the foHowing methods: from gold (i) by the action of 
ammonium chloride upon the chlorides, ammonium chloro- 
platinate being precipitated; (2) by the action of hydro¬ 
gen dioxide and sodiiam hydroxide upon cold solutions» 
the gold being precipitated (Vanino and Seeman, Ber. Dtsch. 
chem. Ges. xxxii, 1968); (3) by the action of oxalic acid or 
ferrous salts, gold being again precipitated (Hoffmann and 
Kruss, Zeitsch. anal. Chem. xxvii, 66; Bettel, Chem. News 
LVi, 133); from silver by heating the metals with dilute 
sulphuric acid, shyer dissolving (Steinmann, Schweiz. 
Wchschr. f. Chem. u. Pharm. xlix, 441, 453); from mercury 
by ignition of the metals, mercury being volatilized. 

The separation of platinum from the other platinum 
'metals is so involved with the separation of these from 
each other that the whole subject will be briefly considered 
in this place. The following methods have been suggested, 
(i) The ore is first treated with chlorine water, which ex¬ 
tracts the gold, then with dilute aqua regia, which dis¬ 
solves the platinum, palladium, and rhodium. From this 
solution the platinum is precipitated by ammonium chloride 
and alcohol; and from the filtrate, after neutrabzation with 
sodium carbonate, the palladium is precipitated as the 
cyanide by mercury cyanide. The residue from the aqua 
regia treatment, containing osmium, iridium, and ruthe¬ 
nium, is heated in air. Osmium is volatilized as the tetrox- 
ide, ruthenium sublimes as the dioxide, and iridium is 
left (Pimgruber, J. B. (1888), 2560; Wyatt, Eng. and Min. 
J. XLiv, 273). (2) A neutral or acid solution of the plat¬ 

inum metals, gold, and merctuy, containing chlorine, is 
treated with dilute nitric acid and heated to boiling in a 
retort; osmdc tetroxide distils. The solution is cooled, and 
shaken with ether, which withdraws the chloride of gold. 
After the removal of the ether and gold by means of a. 
separating funnel the remaining solution is treated with 
ammonium acetate and boiled with formic acid. This 
treatment precipitates all the metals, which are then heated 
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in a current of hydrogen to volatilize the mercury. The 
remaining metals are mixed with sodium chloride and 
heated with moist chlorine, and the mass is extracted with 
water. If there is any residue at this point it will probably 
be found to be iridium and ruthenium. The solution is. 
treated with concentrated ammonium chloride as long as 
any precipitate forms. This precipitate consists of the 
double chlorides of ammonium with platinum, iridium, and 
ruthenium respectively, palladium and rhodium remaining 
in solution. The precipitate is dissolved in warm water 
and treated with hydroxylamine, which reduces the irid¬ 
ium and ruthenium to the condition of the sesquichlorides; 
upon the addition of ammonium chloride platinum is pre¬ 
cipitated as the chloroplatinate. The hydroxylamine fil¬ 
trate is evaporated, the residue is heated in the presence of 
hydrogen and fused with potassium hydroxide and nitrate, 
the mass is cooled and extracted with water. Ruthenium 
dissolves as potassium ruthenate, (K^RuOJ, and iridium 
remains as the hydrate, (^(OH),). The solution contain¬ 
ing rhodium and palladium is evaporated slowly to dryness 
in the presence of an excess of ammonia, and the residue 
is dissolved in the smallest possible amount of a warm, dilute 
ammoniacal solution. Upon cooling, the rhodium separates 
as a complex chloride, (Rh(NH8)5Cls), and the palladium 
remains in solution (Myhus* and Dietz, Ber. Dtsch. chem. 
Ges. XXXI, 3187). (3) Gold is removed by means of dilute 

aqua regia. By treatment with concentrated aqua regia 
platinum, palladium, rhodium, ruthenium, and part of the 
iridium are then dissolved, while an insoluble alloy of os¬ 
mium and iridium in the form of grains or plates remains. 
This alloy is mixed with sodium chloride and the mixture 
is heated in a tube with chlorine. Osmium tetroxide, 
(OsO^), distils, and sodium-iridium chloride, (NajIrCl,), re¬ 
mains (Wohler, Pogg. Annal. xxxi, 161). To the solution of 

* Vid. also Mylius and MazzuccheUi, Ztschr. anorg. Chem. lxxxix, i; Korf- 
man, Chem. Abs. dc, 2629. 




i68 


THE RARER ELEMENTS. 


the other platinum metals in aqua regia ammonium chloride 
is added. The precipitate, consisting of the double salts of 
platinum and iridium, may by ignition be converted into 
iridium-bearing platinum sponge (used in the manufacture 
■of platinum vessels). To the filtrate iron or copper is added, 
which throws down the palladium, rhodium, and ruthenium 
as a metallic powder. From this mixture palladium and 
the iron or copper are dissolved by nitric acid, and the solu¬ 
tion is then shaken with mercury, which removes the palla¬ 
dium (von Schneider, Liebig Annal. v, 264, suppl.). The 
mixture of rhodium and ruthenium remaining is heated with 
sodium chloride at low redness in a current of chlorine and 
the mass is extracted with water. This liquid is boiled 
with potassium nitrite and enough potassium carbonate 
to make the solution faintly alkaline. It is then evaporated 
to dryness and the residue is pulverized and extracted 
with absolute alcohol. The rhodium remains undissolved 
as a double nitrite of potassium and rhodium, (KeRh2(N02)i2> 
while the ruthenium dissolves, also as a double nitrite with 
potassium, (Ru(N02)o-6KN02). 

Platinum may be separated from palladium (i) by the 
action of warm dilute nitric acid upon the metals, palladium 
dissolving; (2) by the action of a strong solution of am¬ 
monium chloride and alcohol upon the double potassium 
salts, the palladium salt being soluble (Cohn and Fleissner, 
Ber. Dtsch. chem. Ges. xxix, R. 876); from iridium (i) by 
electrolysis, the platinum being precipitated (Smith, Amer. 
Chem. Jour, xiv, 435); (2) by the action of potassium 
nitrite, sodium carbonate, and boiling water upon the 
double potassium salts, iridium being reduced to the con¬ 
dition of the sesquichloride and dissolved (Gibbs, Amer. 
Jour. Sci. [2] XXXIV, 347); from osmium by heating in the 
presence of oxidizing material, osmium tetroxide being 
formed and volatilized; from ruthenium by treating potas¬ 
sium chloroplatinate and the corresponding ruthenium 
salt with cold water, the ruthenium salt dissolving (Gibbs, 
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loc. cit.)\ from rhodium (i) by the method described for 
the separation from ruthenium; or (2) by the action of 
concentrated solutions of the alkali chlorides upon these 
salts, the rhodium dissolving (Gibbs, loc. cit.). 

A method of separation proposed by Leidie and Quen- 
nessen (Bull. Soc. Chim. xxvii, (1902) 181), will be found 
outlined in Table IX, page 226. 

EXPERIMENTAL WORK ON PLATINUM. 

Experiment i. Preparation of chloroplatinic acid from 
laboratory residues. Boil the residues consisting of potas¬ 
sium chloroplatinate, etc., with a solution of sodium car¬ 
bonate and add a little formic acid or formate in solution. 
The platinum is deposited as a black powder. Wash the 
powder, first with hot water, then with hot hydrochloric 
acid; dry it, dissolve it in aqua regia, and evaporate the 
liquid'until the point of crystallization is reached, adding 
a little hydrochloric acid from time to time to remove the 
nitric acid, and some chlorine water to conyert any platinous 
acid to the platinic condition. 

Experiment 2. Precipitation of the chloroplatinates 
of ammonium, potassium, ccesium, rubidium, and thallium, 

I 

(RjPtCla). To separate portions of a solution of chloro¬ 
platinic acid add salts of ammonium, potassium, caesium, 
rubidium, and thallium in solution. Note the comparative 
insolubility of the new compounds in water and in alcohol. 

Experiment 3. Formation of chloroplatinous acid. To a 
solution of chloroplatinic acid add a little stannous chloride. 
Note the darkening of the color. Add a little potassium or 
ammonium salt in solution. Note the absence of pre¬ 
cipitation. 

Experiment 4. Precipitation of platinic sulphide, (PtSa). 
To a solution of chloroplatinic acid add a little hydrogen sul¬ 
phide, and warm. Try action of ammonium sulphide on PtS2. 

Experiment 5. Precipitation of elementary platinum. 
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(a) To a solution of a platinum salt add a few drops of a 
solution of hydrazine sulphate (N2H4 *112804) and warm. 

(b) Try the action of zinc on a solution containing 
platinum. 

(c) Try the action of oxalic acid upon a platinum salt 
in solution. Note the absence of precipitation. 

Experiment 6. Action of acids upon platinum. Try 
separately the action of strong hydrochloric and nitric 
acids upon metallic platinum. Note the effect of a mixture 
of the two acids upon the metal. 

Experiment 7. Test for platinum in solution. To a very 
dilute solution of a platinum salt free from chlorine add a 
small crystal of potassium iodide. Note the color. 

Experiment 8. '' Glow test ''for platinum."^ Dip the end 

of a very small piece of asbestos paper into i cm.^ of chloro- 
platinic acid, heat the asbestos to redness, and repeat the 
process until the liquid is completely absorbed. Then, 
before the asbestos cools, hold it in a current of illuminating 
gas. 

THE PLATINUM METALS (other than platinum). 

Occurring almost invariably associated with platinum 
and usually alloyed with it are small quantities of certain 
rare elements which, together with platinum, comprise 
the group of so-called Platinum Metals. These very rare 
elements are the following: 

Palladium, Pd, 106.7 Osmium, Os, 190.9 

Iridium, Ir, 193. i Rhodium, Eh, 102.9 

Ruthenium, Ru, 101.7 

Discovery. In 1803, in the course of the purification 
of a considerable quantity of crude platinum, Wollaston 

* TMs test applies also to Pd, Ir, and Rh. It is stated that under proper con¬ 
ditions .002 mg. of Pt can be detected (Curtman and Rothberg, Jour. Amer, Chem. 
Soc. xxxm, 718). 
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isolated a new metal which he named Palladium, in honor 
of the discovery by Olbers of the planetoid Pallas. The newly 
discovered element was brought to the attention of scien¬ 
tists anonymously through a dealer’s advertisement, which 
offered “palladium or new silver’’ for sale. Much dis¬ 
cussion as to the nature of the substance ensued, Chenevix, 
in particular, holding it to be an alloy of platinum and mer¬ 
cury. In 1805 Wollaston confessed to the discovery and 
naming of the metal (Phil. Trans. Roy. Soc. (1803) xciii, 
290; ibid. (1805) xcv, 316; Nicholson’s J. (1805) x, 204). 

The same year that palladium was discovered, Smithson 
Tennant found that ‘ ‘ the black powder which remained after 
the solution of platina did not, as was generally believed, 
consist chiefly of plumbago, but contained some unknown 
metallic ingredients. ’ ’ In 1804 he presented to the Royal 
Society as the result of his study a communication announc¬ 
ing the discovery of two new metals. Iridium, named ‘ ‘ from 
the striking variety of colors which it gives while dissolving 
in marine acid,’’ and Osmium, so called because of the 
penetrating odor odor) of the acid obtained from 

the oxidation of the element when it is heated in a finely 
divided condition (Phil. Trans. Roy. Soc. (1804) xciv, 411). 

A few days after Tennant’s communication, Wollaston 
announced the discovery of an element in the ‘ ‘ fluid which 
remains after the precipitation of platina by sal ammoniac, ’ ’ 
and suggested the name Rhodium (podws, rose-Uke), “from 
the rose color of a dilute solution of the salts containing 
it’’ (Phil. Trans. Roy. Soc. (1804) xciv, 419). 

In 1826 Osann claimed the discovery of three new ele¬ 
ments in platinum alloys. These he named Ruthenium, 
Polinium, and Pluranium (Pogg. Annal. vni, 505; Amer. 
Jour. Sci. XVI, 384). Later he withdrew the claim. In 
1844 Claus found that there was an unknown metal in the 
mixture of substances which had been called by Osann 
“ruthenium oxide,’’ and for it he retained the name 
ruthenium, derived from Ruthenia, i.e. Russia, where the 
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substance was first found (Pogg. Annal. lxiv, 192, 208; 
Amer. Jour. Sci. xlviii, 401). 

Late in the year 1911 French (Chem. News civ, 283) 
announced the discovery of an element associated with 
the platinum metals in the dike rocks of the Nelson dis¬ 
trict in British Columbia. It had the characteristics of a. 
noble metal and was called by him Canadium. Patterson 
(Chem. News cv, 84), in discussing this discovery, calls, 
attention to the fact that palladium forms alloys with many 
metals, and that these alloys behave very differently from 
palladium and resemble elementary substances. 

Occurrence. The very rare platinum metals, as has 
been already stated, are found'in general in platinum¬ 
bearing material. Palladium and iridiunv sometimes occur, 
native; the others always in alloys or in combination. 



^Pd 

?6 0s 

^ Ir %Rh. 


Native platinum contains 0.1-3. i 

traces-4.2 traces 

0.2-3.4 

“ iridium 

0.4—0.8 


27-76.8 

circa 7 

Palladium gold 

‘‘ 5-10 




Iridosmine 

{( 

17-48 

40.7 t>.5-i2.3 

0.2-6 

Laurite, RuS2 

(( 

circa 3 


65 

Rhodium gold 

u 


34-43 


Extraction. 

For methods of 

extraction of 

the very 


rare platinum metals see Extraction and Separation of 
Platinum. 

The Elements. I. Palladium. A. Preparation. Ele¬ 
mentary palladium may be obtained (i) by heating the 
potassium double chloride with hydrogen (Roessler); (2) by 
heating the iodide with hydrogen; and (3) by heating the 
chloride or cyanide. 

B. Properties. Palladium is a ductile, malleable, white 
metal which looks like platinum. It may be partially 
oxidized before the oxyhydrogen blowpipe. It is soluble 
in strong nitric, hydrochloric, and sulphuric acids, and 
easily soluble in aqua regia. It fuses at a lower temperature 
than any other of the platinum metals, 1549° C. (U. S. 
Bureau of Standards). In spongy form it has the power of 
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absorbing gases.* Its specific gravity is 11.4-11.8. It may 
be distinguished from the other platinum metals by the 
comparative ease with which it dissolves in nitric acid. 

II. OsMiUxM. ^4. Preparation. The element osmium 
may be prepared (i) by heating the amalgam in the presence 
of hydrogen (Berzelius); (2) by heating the sulphide in a 
closed coke crucible; (3) by passing the vapor of the tetroxide 
mixed with carbon dioxide and carbon monoxide through a 
heated porcelain tube; (4) by passing the vapor of the 
tetroxide through a heated porcelain tube containing finely 
divided carbon (Deville and Debrayj; (5) by igniting 
osmyldiamine chloride, (0s(NH3)402ClJ, in a current of 
hydrogen. 

B. Properties. Osmium, the heaviest of the platinum 
metals, is a bluish substance, crystals of which are harder 
than glass. In the compact form it is insoluble in all acids 
and in aqua regia, and is rendered soluble only by fusion 
with nitrates. The amorphous modification is slowly soluble 
in nitric acid and in aqua regia. The specific gravity of the 
compact and amorphous modifications is 21.3; of the crystal¬ 
line form 22.4. Osmium, like the other platinum metals, has 
been volatilized in the electric furnace (Moissan,Compt.rend. 
cxLii, 189); it is, however, refractory, f Its melting-point is 
2700° C. 

* III. Iridium. A. Preparation. Metallic iridium may 
be obtained (i) by heating iridium-ammonium chloride, 
and (2) by heating iridium-potassium chloride with sodium 
carbonate. 

B. Properties. Iridium, a hard, brittle metal, resembles 

* The explosive condition of the platinum metals is explained by the property, 
common to these metals, of occluding hydrogen and oxygen. When heated in 
nitrogen or out of contact with the air they tend to lose their explosive character. 
Ruthenium, however, is not changed by this treatment (Cohen and Strengers, 
Z. physik. Chem. lxi, 698). Vid. also Sieverts, ibid. Lxxxviii, 451; Halla, ibid. 
Lxxxvi, 496; Curtman and Rothberg, Jour. Amer. Chem. Soc. xxxin, 718. 

t For a discussion of the volatility of the platinum metals, see Crookes, Proc. 
Roy. Soc. LXXXVI, 461, 
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silver and~tm in appearance. The ignited form is insoluble 
in all acids and in aqua regia. The element is partially 
oxidized, however, by fusion with sodium nitrate, and the 
fused mass may be dissolved by boding it with aqua regia. 
In spongy form iridium has the specific gravity of 15.86; 
after fusion the specific gravity is 21-22. It has the prop¬ 
erty of absorbing gases.* 

IV. Rhodium. A. Preparation. Elementary rhodium 
may be prepared (i) by heating ammonium-rhodium ses- 
quichloride; (2) by heating rhodium sesquichloride and 
sodium in a current of hydrogen; (3) by heating rhodium 
sulphide to a white heat; and (4) by allowing reducing 
agents, as formic acid, zinc, iron, alcohol in alkaline solu¬ 
tion, hydrogen, etc., to act upon soluble salts. 

B. Properties. Rhodium is a grayish-white metal which 
has the appearance of aluminum. When pure it is almost 
absolutely insoluble in acids and in aqua regia, but when 
alloyed it may be dissolved in aqua regia. It is fusible 
before the oxyhydrogen blowpipe, but more difficultly 
than platinum. It has the property of absorbing hydrogen. * 
Of all the platinum metals rhodium is most easily attacked 
by chlorine. Its specific gravity is 11-12. Its melting-point 
is 1950° C. 

V. Ruthenium. A. Preparation. The element ruthe¬ 
nium may be obtained (i) by heating the oxide with illu¬ 
minating-gas, and (2) lay heating ruthenium-ammonium- 
mercury chloride. 

B. Properties. Ruthenimn is a hard, brittle metal, dark 
gray to black in color. It is almost completely insolu¬ 
ble in acids and in aqua regia; and osmium alone, of all 
the platinum metals, is more difficultly fusible. It may 
be slightly oxidized by fusion with caustic potash and 
oxidized to a greater degree by fusion with potassium 
nitrate. The specific gravity of the crystalline form is 


♦ See Curtman and Rothberg, Jour. Amer. Chem. Soc. xxxiu, 718. 
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12.26; of the melted form 11.4; and of the porous form 8.6. 
Its melting-point is 2450° C. ? 

Compounds.* A. Typical forms. The following com¬ 
pounds of the platinum metals may be considered typical: 


Oxides. 

.. .PdjO 






PdO 

OsO 

IrO? 

RhO 

RuO 


Pd^Oat 

OS2O3 

Ir203 

RhjO, 

RU2O8 


PdOs 

OsOj 

Ir 04 

RhOj 

RuOj 



(Os03)t 


(RuOa) t 



OsO< 



RuO. 
(Ru^Ot) t 

Chlorides.... 

.. .PdCl 

PdCla 

OsCb 

IrClj 

RhClj 

RuCb 



OsClj, 

Ir.Cl, 

RhjCt, 

Ru2C1« 


PdCL 

OsCl* 

IrCL 


RuCl* 

Bromides. .. 

. . .PdBr., 


IrjBrj 




PdBr. 


IrBr^ 



Iodides. 

.. .Pdl, 


Ir2lc? 

RW. 

RujI, 




IrL 



Sulphides.. . 

...Pd^S 






PdS 


IrS 

RhS 





lT,S, 

RlijS, 

RU2S3 


PdS, 

OSS2 

IrSa 


RuSa 






RuSa 



OSS4 




Sulphates. .. 

.. .PdS04 


Ir 2 (S 04 )» 

§ 






Ri,(SO.), 

RuCSOJa 

Sulphites.. .. 

...PdSOa- 

OsSOj 







Ir,(SO0., 

Rh,(SOJ. 


Gutbier, Ber. Dtsch. chem. Ges. 

XLin, 3228, 

3234; XLIV, 306, 

308; XLVIIj 


236; J. prakt. Chem. xci, 103; Del^pine, Compt. rend. CLvm, 2645 Fritzman, J. 
Kuss. Phys. Chem. Soc. XLvn, 588; Peters, Ztschr. anorg. Chem. lxxxix, 191; 
Tschugajew, Ber. Dtsch. chem. Ges. xLvn, 2446; Gutbier, Ztschr. anorg. Chem. 
LXXXIX, 313, 333, 340, 344; Barbieri, Atd R. Accad. dei Lincei, RomalsLxxur, 
I, 334; Fraenkel, Monatshefte Chem. xxxv, 19; Ramberg, Ber. Dtsch. chem. 
•Ges. xm, 1696, 3886; Wdhler, Ber. Dtsch. chem, Ges. xlvi, 1577, 1591, 1720; 
Ruff, ibid. XXVI, 920. 

t Wbhler, Zeitsch. anorg. Chraa. Lvn, 323, 398. 
t This oxide is known only in combination. 

§ Also alums, see Marino, Zeitsch. anorg. Chem. xm, 213; complex oxalates, 
see Gkldini, Atd R. Accad. dei Lincei, Roma [5] xvi [n], 648, or Chem. Zentr. 
(1908) I, 107. . 
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Sulpho salts... .R2Pd3S4 
' RzPdSs 


Nitrites. Pd(N02)2 • 2KN02 

Os(NO,V* Ir.CNO.),- 
6HNU, 

N it rates .P d ( N 0 j) ^ 

Acids and corre- 

spond’g salts.. .HjPdCl^t 

RjPdCl, 

6RNO2 

Rh.CNOs), 

RujCNOo)^ 

6RN62 

H3OSC1,; 

R.RhCl,; 

H^RuClat 

RgOsClj 

RsRhCl, 

§ 

HjPdCIe; HjOsCl,; 


H^RuCle 

RjPdClt R^OsCl, RjIrCl, 



Characteristics. I. Palladium. The compounds of pal¬ 
ladium resemble those of platinum, both in form and 
in general characteristics. As in the case of platinum, 


palladium combines with ammonia to form complex salts, 
and an oxide, (PdO), forms salts with sulphur dioxide and 
with nitrogen trioxide, (N2O3). In general the salts are 
quite easily reduced to the metal by heating; their solutions 
resemble a solution of platinic chloride in color. Two 
oxides, (PdO; PdO2), are well known, of which the lower 
forms the more stable compounds. These compounds give 
a yellowish-brown precipitate with potassium hydroxide. 
Solutions of palladium salts give with mercuric cyanide a 
yellowish-white precipitate, (Pd(CN)2); with potassium 
iodide a black precipitate, (Pdia), which is soluble in excess 
of the reagent; and with hydrogen sulphide also a black 
precipitate, (PdS), insoluble in ammonium sulphide. 


* See also Wintrebert, Compt. rend. CXL, 585. 

t See also Gutbier, Ber. Dtsch. chem. Ges. xxxviii, 23; xxxix, 4134; XL,. 
690; Zeitsch. anorg. Chem. XLV, 166, 243; XLVII, 23. 

t See also Howe, Jour. Amer. Chem. Soc. xxvi, 543, 942; Gutbier, Zeitsch. 
anorg. Chem. XLV, 166, 243; XLvn, 23; Ber. Dtsch. chem. Ges. xxxvm, 2105* 
2885. 

*§ See also Gutbier, Ber. Dtsch. chem. Ges. XLI; 210. 
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Mercuric cyanide and potassium iodide are often used aS' 
tests for palladium. 

II. Osmium.* Compounds of osmium are known in five; 
degrees of oxidation. The lowest three oxides, (OsO; 
OS2O3; OsOj), are basic in character, the fourth, f. (OsOj), 
is acidic, and the fifth, (OsO<), is also acidic, but it forms 
no salts. Three chlorides, (OsClj; OsClj; OsClJ, are known, 
corresponding to the lowest oxides. The metals sodium, 

I 

potassium, and barium form salts of the type R2OSO4, 
These salts are readily decomposed, especially by acids, and 
form the dioxide and the tetroxide. When osmium com¬ 
pounds are heated in the air with oxidizing agents, or are 
melted with potassium nitrate, the tetroxide is obtained. 
It is volatile when heated, highly corrosive, and disagree¬ 
able like chlorine. It is soluble in water and is reduced 
by reducing agents. From potassium iodide it frees iodine, 
and with formic acid to which potassium hydroxide has 
been added it gives a violet color. With ferrous sulphate 
it precipitates black osmium hydroxide, (Os(OH)4), and 
with hydrogen sulphide it brings down the brownish-black 
sulphide (OSS4), which is insoluble in ammonium sulphide. 

III. Iridium. t The compounds of iridium exist chiefly 

in three conditions of oxidation, of which the di-, tri-, and 
tetrachlorides may serve as types, (IrCla; IrCl4). 

The iridium compounds are reduced to the metal when 
mixed with sodium carbonate and heated in the outer 
flame of a Bunsen burner. The alkali double chlorides 
with iridous chloride, (IrClz), are in general soluble in water. 
Solutions of iridium salts in the lowest condition of oxidav 
tion give with potassium hydroxide a greenish precipitate, 

* See also Ruff, Zeitsch. anorg. Chem. Lxv, 429; Gutbier, Ber. Dtsch. chem, 
Ges. xmi, 3228, 3234; xlw, 306, 308. 

t Known only in salts. 

i For recent work on iridium compounds see Gutbier, Ber. Dtsch. chem. Ges,. 
XLH, 3905, 4770; Del^pine, Vezes and Duffour, Bull. Soc. Chim. [4],v, 869, 872,. 
1084; vn, 507, S12; IX, 710, 771; Compt. rend, cm, 1393, 1591. 
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'*'hich tends to darken when boiled. Reducing agents, 
as sodium formate, precipitate metallic iridium, and hydro- 
■gen sulphide precipitates from the warmed solution a brown 
iridium sulphide (IrS). By means of oxidizing agents, 
Solutions of iridous salts may be converted into the high¬ 
est condition of oxidation. From solutir)ns of this latter 
type potassium hydroxide throws down a dark-brown pre¬ 
cipitate of potassium-iridium chloride, (M'h'zKCl), and 
hydrogen sulphide precipitates slowly a brown sulphide, 
(IrjS,). The greater number of iridium compounds are 
easily reduced by hydrogen on being heated. The pres¬ 
ence of indium may be detected by the blue color de¬ 
veloped when the compound is heated with concentrated 
sulphuric acid to which ammonium nitrate has been added. 

IV. Rhodium. Although three oxides of rhodium are 
known^and described, (RhO; RhjO,; RhOj), salts of only 
two conditions of oxidation are generally found; of these 
the di- and trichlorides are types, (RhClj; RhjClk). Prom 
solutions of rhodium salts reducing agents precipitate the 
metal. Hydrogen sulphide throws down from a cold solu¬ 
tion the sulphide (RhjSj), and from a hot solution the 
sulphydrate (Rh,(SH)a). The insolubility of the double 
chloride of rhodium and sodium, (Rh,Cl‘6NaCl), in water, 
and of the double nitrate cf rhodium and potassium, 
(ICeRh^CNO,),,), in alcohol is made use of in separating the 
metal from the other members of the group. Rhcxiium 
is detected in the presence of the other platinum metals by 
the yellow solution obtained after fusion with potassium 
acid sulphate and the change of color to red upon the ap¬ 
plication of hydrochloric acid. 

V. Ruthenium. In the variety of conditions of oxida¬ 
tion in which they are found, the compounds of ruthenium 
resemble those of osmium. The lowest three oxides are 
basic in character, (RuO; Ru,0,; RuO,), and form salts of 
which the three chloride, (RuCIj: Ru^Cl,; RuCl4),are typical. 
The trioxide, (RuO,), is known only in combination, where 
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m ^ 

it acts as an acid and forms salts of the type R^RuO^, 
Another oxide, (Ru^Oy), known only in combination, forms 

I 

salts represented by the formula RRuO^. The tetroxide 
(RuOi) is volatile and similar to the corresponding oxide of 
osmium in its chemical behavior; it has a characteristic 
odor. A solution of the trichloride, (RujCb), throws out, 
■when heated, a dark precipitate which is generally sup' 
posed to be an oxychloride; this precipitate is held in 
suspension in the liquid and gives a pronounced coloration, 
oven in very dilute solutions. Hydrogen sulphide, acting 
upon solutions of ruthenium salts, precipitates a mixture 
of sulphides, oxysulphides, and sulphur; this mixture is 
"brown or black, and may contain one or more of the sul¬ 
phides RujSj, RuSj, and RuSj. 

Estimation. The platinum metals are weighed in the 
elementary condition, obtained as described under Prepara¬ 
tion of the various metals. 

Osmium may be determined volumetrically by causing 
potassium iodide to act upon the tetroxide in the presence 
of dilute sulphuric acid, (0s04-f-4KI-f-2H2S04=0s02-f 
2K2SO4 + 4I +2H2O), and estimating by means of sodium 
•thiosulphate the iodine thus liberated (Kdobbie, Chem. 
Central-Blatt (1898) ii, 65 (abstract). The gravimetric 
methods for the determination of osmium have recently 
been studied by Paal (Ber. Dtsch. chem. Ges. XL, 1378) 
and found unsatisfactory. 

Separation. The separation of the platinum metals 
bas been considered under Platinum. The following are 
additional references: Gibbs, Amer, Jour. Sci. [2] xxxi, 63; 
XXXIV, 341; XXXVII, 57; Forster, Zeitsch. anal. Chem. 
V, 117; Bunsen, Liebig Annal. cxlvi, 265; Chem. News 
XXI, 39; De-ville and Debray, Compt. rend. Lxxxvii, 441; 
Chem. News xxxviii, 188; Wilm, Ber. Dtsch. chem. Ges, 
XVI, 1524; Leidie, Compt. rend, cxxxi, 888; Bull. SoQ, 
Chim. d. Paris [3] xxvii, 179; Bannister, Analyst, xxxix, 
340; "Wunder, Ztschr. anal. Chem. lii, 660, 740. 
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EXPERIMENTAL WORK ON THE PLATINUM 
METALS. 

Experiment i. Precipitation of palladous iodide, (Pdl2). 
To a solution of a palladixim salt add a little potassium 
iodide in solution. 

Experiment 2. Precipitation of palladous sulphide, 
(PdS). (o) Pass hydrogen sulphide through a solution of 
a palladous salt. 

Q}) Try the action of ammonium sulphide upon a palla¬ 
dous salt in solution. 

Experiment 3. Precipitation of the hydroxide or basic 
salt. To a solution of a palladous salt add a little sodium 
hydroxide or carbonate in solution. 

Experiment 4. Precipitation of palladous cyanide. To 
a solution of a palladous salt add a solution of mercuric 
cyanide. Try the action of potassium cyanide and ammo¬ 
nium hydroxide upon the precipitate. 

Experiment 5. Action of ammonium chloride upon 
palladous aud palladic chlorides. (a) To a solution of 
palladous chloride add ammonium chloride. 

(b) Saturate a solution of palladous chloride with 
chlorine and add ammonium chloride. The palladic salt 
(PdCle) (NH4)2 is insoluble. 

Experiment 6 . Precipitation of the nitroso-^-naphthol salt, 
(Pd(CioH6N02)2.* To a solution of a palladous salt add 
a saturated solution of nitroso-jS-naphthol in 50% acetic 
acid. 

Experiment 7. Precipitation of elementary palladium. 

(a) To a solution of a palladium salt add sodium carbonate 
to alkaline reaction and a little formic acid, and warm. 

(b) Try the action of zinc and hydrochloric acid.f , 

* Wunder, Ztschj. anal. Chem. in, 737. 

t Sulphurous acid, cuprous chloride, and ferrous sulphate will also reduce to 
the metal. 
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Experiment 8. Precipitation of osmium sulphide, (OSS4). 
(a) To a solution of osmium tetroxide acidified with hydro¬ 
chloric acid add a little hydrogen sulphide. 

(b) Try the action of ammonium sulphide upon the 
tetroxide in solution. 

Experiment 9. Formation of potassium osmate, (K2OSO4). 
To a solution of osmium tetroxide add a solution of potas¬ 
sium hydroxide. Note the yellow color. 

Experiment 10. Action of reducing agents upon osmium 
tetroxide. Try the action of an alkali sulphite, formic acid, 
and tannic acid, respectively, upon a solution of osmium 
tetroxide. 

Experiment ii. Color test for osmium. To a solution of 
osmium tetroxide or any other compound of osmium add a 
few crystals of thiourea and a few drops of hydrochloric 
acid, and warm. Note pink to red color. The compoimd is 
said to be (Os(N2H4CS)6Cl3 •H2O). 

Experiment 12. Precipitation of elementary osmium, 
(a) To a solution of the tetroxide add stannous chloride. 

(b) Try the action of zinc and hydrochloric acid upon 
a solution of the tetroxide. 

Experiment 13. Odor test for osmium. Warm a dilute 
solution of osmium tetroxide, or warm with nitric acid a 
solution of any osmium salt of the lower condition of 
oxidation. Note the odor. 

Experiment 14. Precipitation of iridium sulphide, 
(IraSg). Pass hydrogen sulphide through a solution of 
iridium tetrachloride. Note the bleaching of color pre¬ 
ceding precipitation. Try the action of ammonium sul¬ 
phide upon the precipitate. 

Experiment 15. Formation of ike double chlorides of 
iridium with ammonium and potassium, ((NH4)2lrCl6 and 
K2lrCl6). To separate portions of a fairly concentrated 
solution of iridium tetrachloride add ammonium chloride 
and potassium chloride respectively. 

Experiment 16. Action of sodium hydroxide upon iridium 




i 82 


THE RARER ELEMENTS. 


tetrachloride. To a solution of iridium tetrachloride add 
some soditim hydroxide in solution. Note the changes in 
color, dark red to green (IrCls). 

2lrCl4+2NaOH == 2lrCl3 +NaCl +H2O +NaOCL 

Warm the solution and note the change to azure blue. 

Experiment 17. Reduction of iridium salts, (a) To a 
solution of iridium tetrachloride add oxalic acid. 

(6) Try similarly the action of zinc upon an acid solu¬ 
tion of the salt. 

Experiment 18. Action of ammonium hydroxide upon a 
rhodium salt. Add ammonium hydroxide to a solution of 
a rhodium salt and allow to stand. 

Experiment 19. Precipitation of rhodium sulphide^ 
(RhsSa). Pass hydrogen sulphide through a solution of 
sodium-rhodium chloride. Try the action of ammonium 
sulphide upon the sulphide precipitated. 

Experiment 20. Reduction of rhodium salts. To an 
acid solution of a rhodium salt add zinc. 

Experiment 21. Formation of the double nitrite of potas¬ 
sium and rhodium, (K3Rh(N02)6)- To a solution of sodium- 
rhodium chloride add potassium nitrite in solution and 
warm. Try the action of hydrochloric acid upon the 
precipitate. 

Experiment 22. Precipitation of rhodium hydroxide, 
(Rh(OH)3). Note the first action and the action in excess 
of sodium or potassium hydroxide upon a solution of sodium- 
rhodium chloride. Boil the solution just obtained.' 

Experiment’ 23. Precipitation of ruthenium sulphide, 
(RujSg). (a) To a solution of ruthenium trichloride add 
hydrogen sulphide. Note the blue color preceding pre¬ 
cipitation. 

(fc) Use ammonium sulphide as the precipitant. 

Experiment 24. Formation of the soluble double nitrite 
of ruthenium and potassium, (K3Ru(N02)6)- To a solution 
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of ruthenium trichloride add a solution of potassium ni¬ 
trite. Note the color. Add ammonium sulphide to the 
solution. 

Experiment 25. Precipitation of ruthenium hydroxide, 
(Ru(OH)3). To a solution of ruthenium trichloride add 
sodium or potassium hydroxide in solution. 

Experiment 26. Precipitation of metallic ruthenium. 
To an acid solution of a ruthenium salt add metallic zinc. 

GOLD, Au, 197.2. 

Discovery. Gold is probably one of the earliest known 
of the metals. In very ancient records frequent mention 
is made of its uses. As far back as 3600 b.c. in the Egyp¬ 
tian code of Menes a ratio of value between gold and silver 
(2.5:1) is mentioned. Rock carvings of Upper Egypt 
dating from 2500 b.c. show crude representations of the 
washing of gold-bearing sands in stone basins, and of the 
melting of the metal in simple furnaces by means of mouth 
blowpipes. In fact the discovery of gold dates back to 
the beginnings of civilization. The search for it furnished 
the motive of many voyages of discovery and conquest, 
which resulted in the extension of civilization; and from 
the desire to change the base metals into gold sprang the 
study of alchemy, from which developed the science of 
chemistry. 

Occurrence. Gold occurs in nature both free and in 
combination. Free or native gold is found (i) as vein 
gold, in the quartz veins which intersect metamorphic 
rocks, and (2) as placer gold, generally in the form of grains 
or nuggets, in alluvial deposits of streams. Native gold is 
usually alloyed with silver, which sometimes amoimts to as 
much as fifteen per cent, of the alloy. Iron and copper 
are sometimes present, and bismuth, palladium, and rho¬ 
dium alloys are known. 
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In combination gold is found as follows: 


Petzite, (AgAu)jTe, contains. 18-24% Au 

Sylvanite, 'AuAg)Te3, “ 26-29% 

Goldschmidtite, AUjAgTcg, “ 3 i“ 32 % 

Krenneriie, (Au,Ag)Te2-AuTe2, “ 3 °~ 34 % “ 

Calaverite, (Au,Ag Te^-AuTej, “ 38-42% “ 

Kalgoorlite, HgAu^AgjTeg, “ 20-21% “ 

Nagyagite, AUjPbj^SbjTCjSi,, “ 5“i2% 

Muthmannite, (Au,Ag)Te “ 22-23% 


Extraction. The six processes indicated below follow 
the principal methods that have been employed for the 
extraction of gold. 

(1) Washing or Hydraulicking. This method is applied 
mainly to placer deposits. Powerful jets of water are 
directed upon the gold-bearing sands, causing them to 
pass through a series of sluices. Because of its higher 
specific gravity the gold is largely left behind, while the 
other materials are carried away. 

(2) Amalgamation {primitive). In this process the 
crushed ore or the gold-bearing sand is first washed, to 
remove the greater part of the light, worthless material, 
and the remainder is rubbed with mercury in a mortar. 
The amalgam thus obtained is heated, whereupon the 
mercury is volatilized and the gold remains. 

(3) Stamp battery amalgamation. The ore is pulverized 
and mixed with water, and in the form of pulp caused to 
pass over a series of amalgamated copper plates. Gold 
amalgam forms on the plates, and from time to time it is 
removed and cupelled. 

(4) Chlorination, {a) Vat process. The cmshed ore 
is placed loosely in large vats and moistened with water. 
Chlorine is forced in, and the whole is allowed to stand for 
about twenty-four hours. The mater.'al is then leached 
with water until the washings give no further test for gold. 
The solution of gold chloride thus obtained is treated with 
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sulphur dioxide, to destroy the excess of chlorine, and then 
with hydrogen sulphide. The gold sulphide thus precipi¬ 
tated is decomposed with borax and the gold is melted 
into bulHon. 

(b) Barrel process. Into large barrels are put water 
and sulphuric acid, the ore, and chloride of lime. The 
barrels are then closed and rotated for a period vaiying from 
one hour to four hours. At the end of that time the con¬ 
tents are leached and the gold is extracted as described 
above. 

The chlorination process is generally applied to low- 
grade ores, and these must have been roasted unless the 
gold occurs in them native. 

(5) Cyanide process. The ore, ground fine, is placed 
in large vats, and a dilute solution (.2-.5%) of potassium 
•cyanide is forced in. After a time the solution is drawn off 
and passed over zinc shavings, upon which the gold is de¬ 
posited as a black slime. The mixture of zinc and gold 
is either treated with sulphuric acid, to dissolve the zinc, or 
roasted with a flux of niter and carbonate of soda. The 
reactions which take place in the cyanide process may be 
represented as follows: 

(1) 4Au-f 8KCN+ 0 j + 2 H, 0 = 4 KAu(CN),-f 4 K 0 H. 

(2) 2KAu(CN), + 2Zn + 2H,0 = 

2KOH + H, + 2Zn(CN), + 2Au. 

(6) Smelting. In smelting the gold ore is mixed with 
some other metallic ore appropriately chosen, and the 
mixture is subjected to intense heat. The gold alloys 
with the other metal, and the alloy is separated from the 
residue, or slag, and worked for gold. Three modifications 
of this important process are in common use, viz., lead, 
copper matte, and iron matte smelting. The process of 
lead-smelting is in outline as follows: The alloy obtained 
by heating a mixture of gold and lead ores is melted with 
zinc. The gold and silver combine with the zinc and rise 
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to the surface, leaving the lead below. The alloy of gold, 
silver, and zinc is then skimmed off and roasted. The zinc 
passes off, leaving the gold and silver, which are separated 
by electrolysis. 

The Element. A. Preparation. As extracted from its. 
ores gold is in the elementary condition {vid. Extraction). 

B. Properties. Of a characteristic yellow color, gold 
is the most malleable and ductile of the metals. It is about 
as soft as silver. It is insoluble in the common acids, but 
is attacked by aqua regia, chlorine, bromine, and by potas¬ 
sium cyanide in the presence of oxygen. It is dissolved 
in many reactions where oxygen is set free, e.g. by selenic 
acid, and by phosphoric or sulphuric acid in the presence 
of telluric acid, nitric acid, lead or manganese dioxide,, 
chromium trioxide, or potassium permanganate. It is 
not attacked when suspended in sulphuric acid and treated 
with oxygen gas (Lenher, Jour. Amer. Chem. Soc. xxvi,. 
550). It is somewhat soluble in hydrochloric acid in the- 
presence of light and manganous chloride' (Berthelot, 
Compt. rend, cxxxviii, 1297), and in thiocarbamide in 
the presence of oxidizing agents (Moir, Proc. Chem. Soc. 
XXII,- 105, 165). It has also been found to be slightly 
attacked by alkali sulphides and thiosulphates. Moissan 
has distilled it in the electric furnace; he finds that when 
alloys of copper or tin with gold are subjected to distilla¬ 
tion, the copper and tin distil first (Compt. rend, cxli,, 
853,977)- Its melting-point is 1037° C.,*—just above that 
of copper. Gold alloys with nearly all the metals. It is 
occasionally found crystallized in the cubic system. It is 
a good conductor of heat and electricity. Its specific 
gravity is 19.49. 

Compounds.t A. Typical forms. The following com¬ 
pounds of gold may be considered t3q)ical forms: 

* U, S. Bureau of Standards gives 1063° C. 

t For a discussion of some complex compounds see Gutbier, Ztscbr. anorg- 
Chem. Lxxxv, 353. 
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Oxides. 

.AuaO 

AU 2 O, 

AU 2 O 3 

Hydroxide. 

, 


Au(OH), 

Aurates. 

• 


NajOj-AU 2 O 2 * 
BaOa-AujO,, etc. 

Chlorides.. 

.AuCl 

AuaCl^ 

AuClg 

Double chlorides, 


I 

many of the types 


AuCla-RCl 




AuClg • RClj 

Bromides. 

AuBr 

AujBr^ 

AuBrg 

Double bromides, 


I 

of the type. 



AuBrj-RBr 

Iodides. 

Aul 


Aulj 

Double iodides, of 


I 

the type. 



AUI 3 .RI 

Sulphides. 

Au^S 

AU 2 S 2 

AU 2 S 3 

2AU2S3-5Ag2S 

Double sulphides.. 

. AujS-Na 2 S 


2AU2S3*3MoS2 

AU 2 S 3 - 33^034 

Sulphites (double) Au 2 S 03 - 3 Na 2 SOs+ 3 H 20 

AU2(S03)3*5K2S03+5H20 

Sulphates. 

,AuS 04 


AU2(S04)3*K2S04 

Nitrate. 



Au(N03)3-HN03 

Cyanides. 

,AuCN 


Au(CN)3 

Double cyanides. . 

AuCN.KCN 


Au(CN) 3 *KCN, etc. 

Sulphocyanides. .. 

AuCNS-KCNS 


Au(CNS) 3 -KCNS 


B. Characteristics. The compounds of gold are known 
chiefly in two conditions of oxidation, of which aurous 
oxide, (AUjO), and auric oxide, (Au^Oj), serve as types. 
When metallic gold is dissolved in aqua regia auric 
chloride is formed, a yellow crystalline salt soluble in 
water; when auric chloride is heated to 180° C. it goes 
.over to aurous chloride, a white powder insoluble in 
water. The aurous salts resemble the salts of silver 
and of copper in the cuprous condition; the auric salts 
resemble those of aluminum and of iron in the ferric 
condition. The auric hydroxide, (Au(OH)j), is acidic 
in character and tmites with bases to form aurates of the 

I 

type RAuOj. Hydrogen sulphide precipitates brownish- 
black auric sulphide, (AU2S3 or Au2S2-t-S), from cold solu- 


See Meyei; Compt. rend. cxLV, 805. 
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tions of gold salts, and steel-gray aurous 'sulphide, (AU2S on 
AuaS-f-S), from hot solutions. Salts of gold in solution 
are easily reduced to the metal by reducing agents. 

Estimation.* A. Gravimetric. Gold is weighed as the 
metal. From solutions it is precipitated by reducing agents, 
such as ferrous sulphate, oxalic acid, formaldehyde, and 
hydrogen dioxide in alkaline solution (see also Lenher, Jour. 
Amer. Chem. Soc. xxxv, 546'; xxxvi, 1423). 

B. Volumetric. Gold may be determined volumetrically 
(i) by allowing potassium iodide to act upon auric chloride, 
(AuCls-bsKI =3KCl-j-AuI -I-I2), and estimating the iodine 
thus freed by means of thiosulphate (Peterson, Zeitsch. 
anorg. Chem. xix, 63; Gooch and Morley, Amer. Jour. 
Sci. [4] VIII, 261; Maxson, Amer. Jour. Sci. [4] xvi, 153; 
Lenher, Jour. Amer. Chem. Soc. xxxv, 733); (2) by 

warming a solution of auric chloride with a measured 
amount of arsenious acid solution which must be in ex¬ 
cess, (3As203-t-4AuCl3-f 6H2O =3As205-f 12HCI-I-4AU), and 
determining the excess of arsenious acid by iodine in 
the usual way (Rupp, Ber. Dtsch. chem. Ges. xxxv, 2011; 
Maxson, loc. cit.). 

Separation. Gold and platinum fall into the analyt¬ 
ical group of arsenic, antimony, and tin. From these 
they may be separated by the following process: fusion 
of the sulphides with sodium carbonate and niter, and 
removal of the arsenic by extraction with water; treatment 
of the insoluble residue with zinc and hydrochloric acid, 
which reduces the tin and antimony to the metallic con¬ 
dition; boiling with hydrochloric acid, which dissolves the 
tin; then with nitric and tartaric acids, which dissolves 
the antimony, leaving gold and platinum. 

For the separation of gold from platinum and the plat¬ 
inum metals vid. Platinum. 

* See Hillebrand, Bull. 253 (1905), U. S. Geological Survey; Bahney, Bull. 
Am. Inst. Mining Eng. (1915), 339; Christensen, Ztschr. anal. Chem. iiv, 158; 
Smoot, Eng. Mining J. xax, 700. 
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From selenium and tellurium gold may be separated 
by oxalic acid, which precipitates the gold (A. A. Noyes^ 
Jour. Amer. Chem. Soc. xxix, 137). 

EXPERIMENTAL WORK ON GOLD. 

Experiment i. Extraction of gold from its ores, (a) 
Digest for several hours in a beaker on a steam-bath about 
100 grm. of finely ground gold ore with a dilute solution of 
potassium cyanide,’ adding water from time to time to re¬ 
place the liquid evaporated. Filter, pass the filtrate several 
times through a funnel containing zinc shavings, until upon 
testing the liquid with a fresh piece of zinc no discoloration 
of the metal is observed. Dissolve the zinc in hydrochloric 
acid to remove the black deposit. Filter, dissolve the resi¬ 
due in aqua regia, remove the excess of acid by evaporation, 
and test for gold by stannous chloride, ferrous sulphate, etc. 

(h) Mix in a glass-stoppered bottle about 100 grm. of 
finely ground ‘ ‘ oxidized ’ ’ or previously roasted ore with a 
little bleaching salt and enough water to give the mass the 
consistency of thin paste. Then add gradually enough 
sulphuric acid to start an evolution of chlorine. Close the 
bottle and shake it, to insure a thorough mixing of the 
contents. Allow the action to go on for several hours, 
agitating the mass occasionally, and taking care to have an 
excess of chlorine present throughout the process. Extract 
with water, concentrate if necessary, and test for gold in 
the solution. A two per cent, solution of bromine may be 
substituted for the materials generating chlorine. 

Experiment 2. Precipitation of the sulphide of gold, 
(AU2S3 or AU2S2+S ?). Into a cold solution of auric chloride 
pass hydrogen sulphide. Try the action of yellew am¬ 
monium sulphide upon the precipitate. 

Experiment 3. Formation of aurous iodide, (Aul). To 
a solution of auric chloride add a few drops of a dilute 
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solution of potassium iodide. Note the precipitate, and 
the solvent action of an excess of the reagent. 

Experiment 4. Formation of gold iminochloride and gold 
iminoamidc, '‘fulminating goZd,”(Au(NH)CH-Au(NH)NH2). 
To a very dilute solution of gold chloride add a little 
ammonium hydroxide. 

Caution. Do not attempt to isolate the precipitate. 
Note that neither potassium nor sodium hydroxide gives 
a i>recipitate under similar conditions of dilution, because 
gold hydroxide is very soluble in excess. 

Experiment 5. Formation of the “purple of Cassius.”* 
To a very dilute solution of a gold salt add a drop or two 
of dilute stannous chloride solution. 

Experiment 6. Precipitation of gold. To separate por¬ 
tions of a slightly acidified solution of a gold salt add solu¬ 
tions of ferrous sulphate, oxalic acid, and hydrazine sulphate 
or chloride. Try also the action of hydrogen dioxide upon 
an alkaline solution of a gold salt. Note the color of the 
precipitated gold by transmitted and reflected light. 

Experiment 7. Solvent action of certain reagents upon 
gold. Try separately upon metallic gold the action of 
aqua regia, chlorine or bromine water, and a dilute solution 
of potassium cyanide. 

• OrdnwaW {Sprechsaal xurr, 4-10) gives, as the composition of the “ purple 
of Cai«iu»,” hjrtIroKcl of stannic acid colored by coMdal gold; vid. also Zsigmondy, 
Ann. Chem. Pham, occt, 361. 





CHAPTER XI. 


THE RARE GASES OF THE ATMOSPHERE. 

Argon, A, 39.88 Krypton, Kx, 82.92 

Helium, He, 4. Neon, Ne, 20.2 

Xenon, X, 130.2 

Discovery. In 1892 Lord Rayleigh, while engaged in 
the study of the density of elementary gases, made the im¬ 
portant observation that the nitrogen obtained from nitric 
acid or ammonia was about one half of one per cent, lighter 
than atmospheric nitrogen (Proc. Royal Soc. lv, 340). 
An investigation of this difference led to the discovery 
two years later of the gas Argon (apyos, inert) by Lord 
Rayleigh and Professor William Ramsay (Proc. Royal 
Soc. Lvii, 265; Amer. Chem. Jour, xvii, 225). An experi¬ 
ment made by Cavendish in 1785 seems also to have resulted 
in the separation of this gas (Phil. Trans. Roy. Soc. (1785) 
Lxxv, 372, and (1788) lxxviii, 271). 

In the coirrse of analytical work on uraninite tmdertaken 
by Hillebrand in 1888, a gas which he thought to be nitro¬ 
gen was obtained upon the boiling of the mineral with dilute 
sulphuric acid (Bull. U. S. Geol. Sur. No. 78, p. 43; Amer. 
Jour. Sci. [3] XL, 384). In 18^5 Ramsay, whose attention 
had been called to HiUebraad’s work, and who doubted 
whether nitrogen could be obtained by the method de- 
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scribed, prepared some of the gas by Hillebrand's process 
from cleveite, a variety of uraninite. He then sparked the 
gas with oxygen over soda to remove the nitrogen. Ob¬ 
serving very little contraction, he removed the excess of 
oxygen by absorption- with potassium pyrogahate and 
examined the res dual gas spectroscopically. The spec¬ 
trum showed argon and hydrogen I'nes, and in addition a 
brilliant yellow line, (D3), coincident with the helium line 
of the solar chromosphere discovered by Lockyer in 1868 
(Proc. Royal Soc. lviii, 65, 81). The only previous note 
regarding helium as a terrestrial element is a statement 
by Palmieri, in 1881, that a substance ejected from Vesu¬ 
vius showed the line D3 (Rend. Acc. di Napoli xx, 233); 
he failed to describe his treatment of the material, how¬ 
ever, and he seems to have made no further investigation of 
the subject. Kayser first detected helium in the atmos¬ 
phere, in 1895 (Chem. News lxxii, 89), several months 
after Ramsay’s discovery. 

The year 1898 witnessed the discovery by Ramsay and 
Travers of three other inert atmospheric gases. Having 
allowed all but one seventy-fifth of a given amount of 
liquid air to evaporate, and having removed the oxygen 
and nitrogen remaining by sparking over soda, they ob¬ 
tained a small amount of a gas which, while showing a feeble 
spectrum of argon, gave new lines as well. This newly 
discovered gas they named Krypton, from kpvtttos, hid¬ 
den (Proc. Royal Soc. Lxiii, 405). 

By fractioning the residue after the evaporation of a 
large amount of liquid air they found evidence of a gas of 
greater density than krypton, and for this heavy gaseous 
element the name Xenon (Sevos, stranger) was chosen 
(Chem. News lxxviii, 154). 

The third discovery of the year by the same investigators 
was that of Neon (veos, new), a gas of less density than 
argon. The first fraction obtained from the evaporation 
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of liquid air was mixed with oxygen and sparked over 
soda, and the excess of oxygen was removed by phosphorus. 
The remaining gas yielded a new' and characteristic spectrum 
(Proc. Royal Soc. lxiii, 437). 

Occurrence.* Argon forms about one per cent, of the 
air by volume. It is found in small quantities in gases 
from certain mineral springs, e.g. Bath, Cauterets, Wild- 
bad, Voslau, the sulphur spring of Harrogate; in the gases 
occluded in rock salt, and in some volcanic gases (Moissan, 
Compt. rend, cxxxviii, 936; cxxxv, 1085). It has been 
detected in some helium-bearing minerals, e.g. cleveite, 
broggerite, uraninite, and malacon. 

Helium, the existence of which was first observed in 
the sun, occurs in very small proportion in the terrestrial 
atmosphere. The chief sources of the gas have been certain 
rare minerals, among which are uraninite (pitch-blende), 
cleveite, monazite, fergusonite, samarskite, columbite, and 
malacon. It has been found also in some mineral springs, 
e.g. Bath, Cauterets, Adano, and Wildbad, and in natural 
and ‘"’wind'' gases in amounts varying from traces to 2%. 
The gases yielding the largest percentages are those of 
southern Kansas and northern Oklahoma. 

The other gases of this group are present in the air in 
very minute quantities. Neon is said to constitute 0.002 5% 
and krypton 0.00002% of the atmosphere. Traces of neon 
have been detected in the helium from the s;,rings of Bath, 

Extraction. Argon, contaminated with a greater or less 
percentage of the associated gases, may be extracted by the 
following methods: 

* See also Ramsay, Chem. News ixxxvn, 159; Nasini, Chem. Zentr. (1904) 
n, 77; Pesendorfer, Chem. Ztg. xxix, 359; Rutherford, Chem. Zentr. (1905) 
I, 848; Kohlschatler, Ber. Dtsch. chem. Ges. xxxvm, 1419; Prytz, Chem. Zentr. 
(1905) n, 1570; Ewers, Chem. Zentr. (1906) i, 1319; Moureu, Compt. rend, 
cxm, 1155; cxLiit, 795; Kitchin, Jour. Chem. Soc. Lxxxrx, 1568; Czako, Ztschr. 
anorg. Chem. Lxxxir, 249; Chem. News cvm, r6; Collie, Jour. Chem. Soc. cin, 
419; Piutti, Atti R. Accad. dei Lincei, Roma [5] xxn, I, 140; Sieveking, Chem. 
Zentr. (1913) I, 58. 
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(1) From atmospheric nitrogen .^—^The nitrogen is passed 
over red-hot magnesium filings; a nitride is thus formed, 
while the argon is left uncombined (Ramsay). Heated 
lithium may be substituted for magnesium. 

(2) From air. Induction sparks are passed through a 
mixture of oxygen and air contained in a vessel which is 
inverted over caustic potash. The oxygen and nitrogen 
combine and dissolve in the potassium hydroxide, leaving 
the argon (Rayleigh). 

Helium may be obtained from its mineral sources by 
boiling the material with dilute sulphuric acid, or by heat¬ 
ing in vacuo. From its gaseous sources it is obtained j by 
subjecting the gaseous mixtures to very low temperatures 
which cause the other gases except helium to liquefy. 

Ejypton and xenon are extracted as follows: After 
the evaporation of a large amount of liquid air the residue 
is freed from oxygen and nitrogen and liquefied by the 
immersion of the containing vessel in liquid air. The 
greater part of the argon can be removed as soon as the 
temperature rises. By repetitions of this process the 
three gases can be separated from one another, krypton 
exercising much greater vapor pressure than xenon at the 
temperature of boiling air (Ramsay and Travers, Proc. 
Royal Soc. lxvii, 330). 

Neon is obtained from the gas, largely nitrogen, that 
first evaporates from liquid air. This gas is liquefied, and 
a current of air is blown through it. The material that 
first evaporates is passed over red-hot copper, to remove 
the oxygen, and after being freed from nitrogen in the 
usual manner, is liquefied. By fractional distillation helium 
and neon are removed, and argon is left behind. By the 
use of liquefied hydrogen helium and neon are separated, 
as neon is Hquefied or solidified at the temperature of boil- 

* Hamburger determines the composition of argon-nitrogen mixtures by ob¬ 
serving the different condensation rates in liquid air (Ztsuhr. angew. Chem. 
xxvni, I, 75 )* 

t Rogers, Nat. Geog. Mag. xxxv, 441. 
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ing hydrogen, while helium remains gaseous. Several frac¬ 
tionations are necessary to obtain pure neon (Ramsay and 
Travers, Proc. Royal Soc. lxvii, 330). 1 

Properties. The newly discovered constituents of the 
atmosphere are inert, colorless, probably monatomic gases, 
which have not been known to form definite compounds.* 

Argon is somewhat soluble f in water. Its density is 
19.96 and its specific heat 1.645. It solidifies at -191° C., 
melts at -189.5*^ C., and boils at -185° C. It has been 
condensed to a colorless liquid (Baly and Donnan, Jour. 
Chem. Soc. (London) lxxxi, 914). Argon gives two dis¬ 
tinct spectra, according to the strength of the induction 
current employed and the degree of exhaustion in the tube. 
When the pressure of the argon is 3 mm. the discharge is 
orange-red and the spectrum shows two particularly prom¬ 
inent red lines, f If the pressure is further reduced, and a 
Leyden jar is intercalated in the circuit, the discharge 
becomes steel-blue and the spectrum shows a different 
set of lines (Crookes, Amer. Chem. Jour, xvii, 251). 

Helium is slightly soluble*§ in water. Its density 
is 1.98, and it boils at about -268.5® C. It was liquefied 
by Onnes (Proc. k. Akad. Wetensch. Amsterdam xi, 168; 
XIII, 1093) and its density in liquid form was found to be 
0.122. Its spectrum II is characterized by five brilliant 
lines,—one each in the red, yellow, blue-green, blue,,, and 
violet. Reference has already been made to the yellow 
line D3. 

Krypton is less volatile than argon. Its density is 
41.5. Its melting-point is given as -169® C., and its boiling- 
point as -152® C.^ Its spectrum** is characterized by a 
bright line in the yellow and one in the green. 

* Fisher and Schroter, Ber. Dtsch. chem. Ges. XLin, 1435, 1442, i 454 j 1465- 

1 100 volumes of water will dissolve 3.7 volumes of argon at 20° C. 

I Paulson, Physik xv, 831. 

§ 100 volumes of water will dissolve about 1.4 volumes of helium at 20® C. 

II Curtis, Proc. Royal Soc. lxxxix, 146. 

if Erdmann, Chem. Ztg. xxxi, 1075. 

** See Baly, Proc. Royal Soc. Lxxn, 84, 
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Xenon also is less volatile than argon, and it has a 
"much higher boiling-point. Its density is 65.35. Its 
melting-point is said to be -140° C., and its boiling-point 
■-109° C.* * * § Its spectrum t is similar in character to that 
of argon, though the position of the lines is different. 
With the ordinary discharge the glow in the tube is blue 
and the spectrum shows three red and about five brilliant 
blue lines. With the jar and spark-gap the glov/ changes 
to green and the spectrum is characterized by four green 
lines (Ramsay and Travers, Chem. News lxxviii, 155). 

Neon is more volatile than argon. Its density is lo.i. 
Its melting-point is given as -253° C., and its boiling- 
point as - 243° C-t Its spectrum § is characterized by 
l)right lines in the red, orange, and yellow, and faint lines 
in the blue and violet. 


* Erdmann, Chem. Ztg. xxxi, 1075. 

t See Baly, Proc. Royal Soc. lxxii, 84. 

t Erdmann, loc. cit.; Dewar, Proc. Royal Soc. Lxvin, 360. 

§ See Baly, loc. cit.; Merton, ibid. Lxxxilx, 447. 



CHAPTER Xir. 


SOME TECHNICAL APPLICATIONS OP THE RARER 

ELEMENTS.* 

Lithium has found some use in the preparation of artificial 
mineral waters and in medicine. It has also been used 
in fireworks and signal rockets (TJ. S. Press Bull. May, 1918). 

Beryllium compounds are said to have been employed 
in the manufacture of mantles for incandescent gas lighting 
(Baskerville, Eng. and Min. Jour, lxxxvi, 907). 

The use of radium in medicine is well known. Its em¬ 
ployment in the manufacture of luminous paints has devel¬ 
oped greatly during the war. Mesothorium is also being 
used in luminous paints. (Met. Chem. Eng. xvii, 357; Eng. 
and Min. Jour. (1918) 1124). 

The chlorides of the rare earthsf have been subjected to 
electrolysis (Muthmann and Weiss, Liebig, Ann. cccxxxi, i; 
cccxxxvn, 370), and have yielded a so-called “mischmetal” 
(45% Ce, 35% La, Pr, Nd, and 20% Sm, Er, Gd, Y), with 
which, as with aluminum in the Goldschmidt process, it 
has been found possible to reduce a number of the oxides 
(e.g. M0O3, VzOs, NbzOs, and TazOs) to the elementary 
condition. The oxides of cerium, neodymium, praseo¬ 
dymium, and erbium seem to promise some application in 
the coloring of porcelain and glass (Waegner, Chem. Ind. 
(1904) XXVII, No. 12). Cerium salts have been used, like 
aluminum salts, as mordants in dyeing (Witt, Chem. Ind. 

* In Mineral Foote-Notes published bi-monthly by the Foote Mineral Co. of 
Philadelphia, Penn., the author of this book has reviews of the most recent technical 
literature upon the rarer elements. 

t A good summary of the technological uses of the rare earths thorium and 
zirconium may be found in Levy, The Rare Earths, Chapter XXI (Longmans, 
Green and Company), and Johnstone, The Rare Earth Industry (Lockwood, 
London). 
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XIX, 156), and Barbieri (Atti R. Accad. Lincei, Roma [5] 
XVI [i], 395) has described their uses as catalyzing agents, 
their behavior being similar to that of manganese com¬ 
pounds. Ceric sulphate has been used in photography to 
reduce the density of negatives (Lumiere frdres and Sey- 
wetz, Chem. Ztg. Repert. (1900), 80), and both ceric 
nitrate and ceric sulphate have been used in making photo¬ 
graphic paper (Lumiere, Compt. rend. (1893) cxvi, 574; 
Chem. Ztg. Repert. (1892), 180, 235). Cerium oxalate, 
cerium hypophosphate, and cerium-ammonium citrate have 
found uses in medicine fOr sea-sickness and nervous dis¬ 
orders. The nitrates and salicylates of the rare-earth 
elements are used as antiseptic agents (Merck’s Bcr. (1897), 
39; Kopp, Therap. Monatshefte (1901), Feb. No. 2). For 
purposes of oxidation ceric sulphate has been found to be 
a fair substitute for well-known oxidizing agents such as 
potassium permanganate (Zeitsch. f. Electrochem. ix, 534; 
Chem. Ztg. xxix, 669). Salts of yttrium, lanthanum, 
erbium, and ytterbium have been used in disinfecting and 
in embalming. Praseodymium hydroxide and the acetates 
of praseodymium, neodymium, and lanthanum have been 
employed as mordants, as have also mixtures of the sul¬ 
phates of these earths (Baskerville and Foust). The use 
of the peroxides of the cerium earths in making rust-proof 
colors has been suggested. Cerium compounds are finding 
extensive use in the manufacture of arc-lamp electrodes 
(English Patents 414,707 (1910); 21,374 and 8,150 (1909)). 

Oxygen compounds of the rare earths have been employed 
as catalytic agents in the sulphuric acid contact process, 
and some of the chlorides have been used as contact mate¬ 
rial in decomposing heated hydrochloric acid gas. Cerous- 
ceric sulphate has found use in the manufacture of electric 
batteries (Baskerville, Paper on the Uses of the Rare Earths). 
The emplo3rment of cerium alloys, pyrophoric bodies,* in 

* Kellerman, Die Ceritmetalle und ihre pyrophoren L^eraugm, pub. by 
W. Knapp, Halle (1912). 
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gas and cigar lighters is fairly familiar (Bohm, Chei^Zif,!: 
XXXIV, 361; Dederichs, Pharm. Post, xlvi, 397). 

The use of thorium nitrate in the manufacture of mantles 
for incandescent gas lights is a well-known application of tho¬ 
rium, and the development of this growing and important in¬ 
dustry has been largely responsible for the advances in rare- 
earth chemistry. The mantles contain about 99% of thoria 
and about 1% of ceria (Welsbach Co. Bulletins (1907-8)). 

Thorium carbide is said to have been used in filaments 
for incandescent electiic lamps, and the oxide in electric 
glowers such as the Nemst lamp. Yttria and zirconia are 
better for the latter purpose because they are less volatile. 
Bolton (Zeitsch. f. Electrochem. xvii, 816) states that 
water which has been in contact with thorium seems to 


prolong the life of certain animal organisms, while the 
action upon vegetable life is injurious- 

Zirconium has foimd application in the manufacture of 
the Nemst glowers, about 85% of zirconium oxide to 15% 
yttrium-earth oxides of the higher atomic weights being 
used in their manufactirre. The carbide of zirconium is 


said to be an excellent conductor of electricity; ninety parts 
of it mixed with ten parts of the metal rathenium have been 
made into filaments for use in the zirconium lamp (Sander, 
Jour. f. Gasbel. xlv 11, 203, or Chem. Zentr. (1905) i, 1290; 
Bohm, Chem. Ztg. xxxi, 985, 1014, 1037, 1049). The use 
of zirconium nitrate as a food preservative has been 
mentioned (BaskerviUe, Eng. and Min. Jour, lxxxvii, 
548). Perro-zirconium is finding some use as a scavenger 
and hardening agent in steel manufacture. 

Zirconium oxide has been used as an enamel Qost, Ger¬ 
man Patent 285,981 (1914); Leuch, 285,344 (1914); and 
refractory vessels which will stand a temperature of 2000° C. 
have been made from oxides of zirconium and thorium 
(Znofler, German Patent 285,934 (1913); Arnold, XJ. S. 
Patents 1,121,889 (1914), 1,157.662 (1915); Weiss and 
Lehman, Ztschr. anorg. Chem. lxv, 218). Zirconia is the 
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principal constituent of zirkite, a commercial product de¬ 
signed to withstand thej heat of high temperature furnaces 
(Meyer, Mineral_^Foote-Notes, Philadelphia, Mar.-Apr. 1919.) 

Thallium has been used in the manufacture of optical 
glass, and is said to give a higher refractive power than 
lead (Lenher, Electrochem. Ind. (1904), ii, 61). Certain 
compounds of thallium are being employed to prolong the 
life of the tungsten filament in incandescent lamps. 

For titanium a number of applications * in the arts have 
been found. As ferro-titanium, an alloy containing from 
30% to 55% of titanium, it is used in the manufacture of 
steels; it is said to add greatly to their tensile strength and 
elastic limit. Titanium-steel rails f have given excellent 
service at the throat of the New York Central R. R. ter¬ 
minal yard in New York City, showing practically no 
wear in one year where the life of a rail had been from six 
to eight months. Titanium improves iron and steel by 
unit'ng, in the course of manufacture, with the oxygen and 
nitrogen, which pass off in slag; the formation of blow-holes 
is thus prevented. Cuprotitanium is employed in the 
manufacture of brass. The metal has been used to a certain 
extent as a filament for incandescent electric lamps. ■ Ru¬ 
tile, titaniferous magnetite, titanium carbide, and titanium 
suboxide are all finding use as electrodes with carbon blocks 
in arc lam.ps. Electrodes containing titanium give better 
distribution of color and light, higher efficiency, and lower 
cost of maintenance. The electrodes made of the carbide 
and of the sub-oxide are generally used as anodes. Other 
commercial uses of titanium are found in the employment of 
rutile for giving a yellow color to porcelain tile and to arti¬ 
ficial teeth; of titanium chloride and titanous sulphate as 
mordants; and of titanous potassium oxalate as a mordant 
and yellow dye in the treatment of leather. Titanic oxide 

* See Levy, Chapter XXII, foot-note, page 196. 

t See Dudley, Use of Titanium in Bessemer Rails, Jour. Ind. and Eng. Chem. 
n, 299. 
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has been used as a protective paint for iron and steel, and 
to a limited extent as an incandescent medium for gas lights. 
The ferrocyanide has found employment as a substitute 
for Schweinfurth’s green (Baskerville, Eng. and Min. Jour. 
Lxxxvii, lo). On combustion titanium gives a brilliant 
light, a characteristic that has led to its use in pyro¬ 
technics. The nitride has been suggested as a source 
of nitrogen for fertilizers, for the element combines readily 
with nitrogen, and yields ammonia on being heated with 
hydrogen. 

Vanadium has found employment in a photographic 
developer, in a fertilizer for plants, in coloring material for 
glass, and with anilin in a black dye. Vanadyl phosphate 
lias been found to behave physiologically like potassium 
permanganate (Ephraim, Das Vanadin imd seine Verbin- 
dungen, 83). Vanadic acid (V2O5) is employed in making 
a waterproof black ink with tannic acid, in manufacturing 
sulphuric acid by the contact process (Kuster, Chem. Zentr. 
(1905) I, 328), as a substitute for gold bronze, and as a 
catalyzer to accelerate oxidation processes, such as the 
oxidation of sugar to oxalic acid, of alcohol to aldehyde, 
and of stannous to stannic salts (Naumann, J. pr. Chem. 
(2) Lxxv, 146). Some of the oxides have been used in 
ceramic decoration, and the trioxide and chloride as mor¬ 
dants (Baskerville, Eng. and Min. Jour, lxxxvii, 518). 
Probably of more importance than any of the foregoing 
uses of vanadium is its employment in the manufacture 
of steel, which gains greatly in elasticity and tensile strength 
by the presence of from .15% to .35% of this element, 
introduced as ferro-vanadium, an alloy containing about 
30% of vanadium. (See pamphlets by J. Kent Smith, 
Amer. Vanadium Co.) 

The use of the tantalum filament as a substitute for 
carbon was an interesting step in the development of incan¬ 
descent electric lighting. The tantalum lamp produces a 
light of one candle-power for every two watts of electrical 
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power, as against three and one-tenth watts required by 
the ordinary carbon lamp. The tantal^lm filament, 
however, has now been superseded to a great extent 
by tungsten. (Mineral Resources U. S. 1908-1910.) 
The hardness of tantalum and its resistance to chem¬ 
ical action have suggested its use in pens; and pure 
or alloyed with iron, silicon, boron, aluminum, tin, titanium, 
or nickel, it has been used in watch springs, clock move¬ 
ments, anvils, and tools for cutting (Baskerville, Eng. and 
Min. Jour, lxxxvi, iioo; Siemens, German Patent 282,575 
(1913)). An alloy with gold and copper is recommended 
for many purposes as a substitute for gold (Siemens, German 
Patent 284,241 (1913)). Tantalum has found some use as 
a cathode in electrolysis, being substituted for platinum 
(Brunck, Chem. Ztg. xxxviii, 565), and as an electrical 
resistance wire by coating it with platinum to prevent oxi¬ 
dation at high temperatures (Simpson, U. S. Patent 1,175, 
693 (1916)). It has been employed in the manufacture 
of burnishers for use in dentistry. 

The element niobium is said to have found some use 
in the manufacture of filaments for incandescent lamps, 
and some of its compounds in the preparation of mantles 
for gas lighting (Baskerville, Eng. and Min. Jour, lxxxvi, 960). 

Molybdenum alloyed with iron has been used in the 
manufacture of. steel (Mineral Resources TJ. S. 1914). 
Molybdenum wire is said to have found some use as a 
support for tungsten filaments (Mineral Resources U. S. 
1908-1914). Ammonium molybdate is an important re¬ 
agent in the analysis of phosphates. It has also been 
applied in fiire-proofing and as a germicide and disinfectant. 
Sodium molybdate is employed in coloring pottery and 
porcelain, and in dyeing silks and woolens. Molybdenum 
tannate with logwood extracts finds use in dyeing leather, 
and “ molybdenum indigo ” (M02Q7) is a useful but expen¬ 
sive pigment for india rubber (Baskerville, Eng. and Min. 
Jour. LXXXVI, 1055). 
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Doubtless the most interesting use of tungsten at present 
is that of its metallic filament in electric lighting.* With 
its melting-point of about 3000° C., this metal makes a 
lamp which gives one candle-power of light for every one 
and twenty-five hundredths watts of electrical power, as 
against two watts required by the tantalum lamp; and 
which has a life of one thousand or more hours, or about 
twice as long as that of the carbon and tantalum lamps. 
A disadvantage of the tungsten lamp, at first, was the 
-extreme fragihty of the filament. Recent improvements 
in manufacture, however, have made feasible not only the 
safe shipment of tungsten lamps, but the equipment of 
railroad trains and automobiles with them. Siemens and 
Halske, A.-G., of Berlin, Germany, have taken out patents 
■on a process for increasing the ductility of timgsten by 
adding 8%-2o% of nickel.f The high melting-point of 
the element has suggested its possible use in the manu¬ 
facture of crucibles (Mineral Resources TJ. S. 1908-1914). 
Certain salts are used in weighting silks. Sodium tungstate 
is employed in fireproofing draperies, as a mordant in dye¬ 
ing, and with potassium tungstate in the production of 
magenta and saffron bronzes. Tungstic oxide is used 
as an oil and water color (Baskerville, Eng. and Min. 
Jour. Lxxxvii, 203). Calcium tungstate, on account of 
its fluorescence, is used in the Roentgen ray apparatus; 
lead tungstate has been substituted for white lead in paints. 
Compounds of tungsten have been employed in coloring 
glass and porcelain. The alloy with aluminum is used in 
French automobile construction, and the alloy with alumi¬ 
num and copper in the blades of propellers. Alloyed in 
t fimall percentages with steel, tungsten is used for the 


* For a full discussion of tungsten, tantalum, osmium, and zirconium filaments 
in electric lighting, see Weber, Die elektiischen Metallfadengluhlampen, pub. by 
M. Janecke, Leipzig. 

t For a discussion of methods of preparing wire, see MiiUer, Ztschr. angew. 
Chem. xxvT, 422. 
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following purposes: (a) to toughen armor plate; (6) to 
stiffen car springs; (c) to increase the permanency of 
magnets; (d) to increase the vibratory response in sounding- 
plates and wires for musical instruments; (e) to prevent 
projectiles and high-speed tools from losing their temper 
when hot (Van Wegenen, Chem. Engineer iv, 217). Hale 
(Eng. and Min. Jour, lxxxvii, 813) states that tungsten 
steel is poor shock-resisting steel, but has great crushing 
strength. Tungsten has recently found many other tech¬ 
nical applications, e.g. standard weights, acid-proof dishes, 
and tubes, pens, and knife blades (Mineral Resources IJ. S. 
1914; Fink, J. Ind. Eng. Chem. v, 8; Mineral Industry, 
(1914) 759, 1915). 

Uranium salts are used in the production of certain 
velvety-black glazes for pottery, and of greenish-yellow 
iridescent glass. Uranium increases the strength of cast 
iron or semi-steel (Iron Age, c 1413, ci 77). Mixed with 
calcium fluoride, in arc lamps it gives an intense snow-white 
light of high photographing power (Elect. World lxx, 
1002). The employment of the carbide in filaments for 
electric lighting has also been mentioned (Baskerville, Eng. 
and Min. Jour, lxxxvii, 257). Uranium acetate has been 
used in medicine as a precipitant of proteids. 

Elementary selenium has the peculiar property of being 
a fairly good conductor of electricity in the light,* while in 
the dark it is practically a non-conductor. This property 
has been made of service in the construction of electrical 
apparatus for automatically lighting and extinguishing gas- 
buoys, for exploding torpedoes by a ray of light, for tele¬ 
phoning along a ray of light, for transmitting sounds and 
photographs to a distance by telegraph or telephone wire, 
and for measuring the quantity of Roentgen rays in thera¬ 
peutic applications (Hess,Mineral ResourcesU.S. 1906-1914). 
Selenium cells have been constructed for measuring the 


• Ries (Physikal. Ztschr. xn, 480) discusses reasons for this property. 
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intensity of light (Huels, Bull. Univ. Wisconsin, Madison, 
No. 157, 419). Selenium compounds are finding important 
applications in the manufacture of red enamel ware, in 
the enameling of steel, and in the production of red glass 
for use in railroad signals (Jour. Ind. and Eng. Chem. iv, 
539; Fenaroli, Chem. Ztg. xxxviii, 177, 873). The selen- 
ides and organic compounds of selenium have been sug¬ 
gested for use in making dyes (Wasserman, German' Patent 
286,950 (1913); Bauer, Ber. Dtsch. chem. Ges. xlvii, 
1873). Sodium selenite has been employed to show the 
reducing power of bacteria (Merck’s Index, 1907). Selen¬ 
ium has found some use in the vulcanization of rubber 
(Jour. Ind. and Eng. Chem. x, 117). 

Tellurium has shown certain peculiar behavior toward 
electricity which would indicate that some electrical uses 
may be found for the element (Hess, Mineral Resources 
U. S. (1908), 719). The tellurides have been mentioned 
as of possible value in making dyes, as well as in coloring 
glass (Wasserman, loc. cit., Fenaroli, loc. cit.). Tellurium is 
said to have some use in forming high-resistant alloys, and 
in medicine as an antisudorific agent. 

The element platinum is finding increasing use in 
jewelry, and continues to be important in the manufacture 
of chemical apparatus. Recently 2000 kilos were reported 
as having been used in one year in the productiori of pins 
for artificial teeth. Its application in the sulphuric acid 
contact process is most important. The use of platinum 
in electrical industries is gradually becoming less, on account 
of the substitution of nickel-chromium alloys, molybdenum, 
and tungsten (Mineral Resources U. S. (1914), 338). 

Iridium, alloyed with osmium, is employed for compass- 
bearings and for tips of gold pens. Its alloy with platinum 
is used in the manufactiue of laboratory apparatus and 
for standard weights and measures. The blade oxide 
finds use in china-painting. 

Osmium has long been employed as a stain in micro- 
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scopic work,* and more recently as a filament for incan¬ 
descent lamps Qour. f. Gasbel. xliv, ioi ; xlviii, 184^ 
Chem. Zentr. (1907) ii, 433). 

Palladium, because of its hardness and unalterability in 
air, is used for graduated surfaces of fine apparatus. It has 
also found use in alloys for dental work, and on account of 
its comparatively low fusing-point it is employed in solder¬ 
ing the other platinum metals. 

Rhodium alloyed with platinum (10% of Rh) has been 
used in making thermo-elements for high-temperature work. 

Ruthenium, as has been already stated, has been mixed 
with zirconium carbide for use in the filament of the zir¬ 
conium lamp. 

The uses of gold in coinage, in jewelry, and in dentistry 
need no description. 

1 An interesting application of helium was worked out in 
connection with recent war activities, viz.: its use in bal¬ 
looning (Eng. and Min. Jour. Feb. 8, 1919, p. 273). This 
gas has about 92% of the buoyant effect of hydrogen and is 
non-inflammable. A cheap process for its extraction from 
natural gas has brought down the estimated cost from 
$1700 to 10 cents a cubic foot. At the dose of hostilities 
147,000 cubic feet of nearly pure helium stood ready for 
shipment. 


* Schultze, Zeitsch. f. wiss. Microskop. xxvir, 465. 









CHAPTER Xiri. 

THE QUALITATIVE SEPARATION OF THE RARER ] 

ELEMENTS. 

The following schemes of separation will give some 
idea of the problems of qualitative analysis in the presence 
of some of the rarer elements. None of the schemes given 
considers the possible presence of all of these elements. 

Tables I and IH include original methods which have 
given fairly satisfactory results in the hands of the 
author’s classes. 

J 

Tables II, VI, and VIH, together with a considerable 
part of the material contained in the accompanying direc¬ 
tions , and notes were prepared from the publications of 
A. A. Noyes and his associates, to whom the author acknowl¬ 
edges his indebtedness. No attempt has been made here to 
take up the study of the separation methods in detail, nor 
to indicate the processes used for the separation of the 
commoner elements from one another when the rarer 
elements are not involved. All these processes are fully 
discussed in the original papers, to which reference is 
made. 

Tables IV and V offer processes worked out by James, 
but rather beyond the scope of any but advanced students. 
They have been added, however, without explanatory- 
notes, merely to show the best methods of attack on the 
complicated problem of rare earth analysis; and references 
to the original papers have been furnished. 
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In Table VII the method suggested by Bohm has been 
put into diagrammatic form. In this scheme no attempt 
was made by Bohm to give anything further than a process 
for the separation of the more important rare earths from 
other elements and from one another. To make the table 
more complete, however, methods for the separation of 
the other rare elements mentioned have been supplied. 


I 

The Alkali Group. 

Before taking up the analysis as outlined in Table I, 
the student is advised to review by means of the following 
experiments the reactions of the elements involved, and to 
put the results into tabular form. Use solutions of the 
chlorides of Li, Na, K, Rb, and Cs, respectively. Perform 
the experiments upon separate portions of these solutions, 
(i) Addition of solution of H2PtCl6; (2) of Na3Co(N02)6; 
(3) evaporation with Al2(S04)3+H2S04; (4) dehydration 
of chlorides with amyl alcohol; (5) review of flame and 
spectroscopic tests. 
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The Qualitative Separation. 

TABLE I. 

The alkalies present as chlorides.* 

Dissolve about i '“5 grms. of the mixed salts in water, and dehydrate with amyF 
alcohol. 

Ri :- [F 

Na, K, Rb, Cs; Li. Confirm by spectroscope. 

Dissolve in a few drops of water, 
add H2PtCl6. 


P] |F 

CsRb(K) as chloroplatinates. . K,Na. Add an equal volume 

(1) Test a portion of the precipitate on a plat- of alcohol. Filter, and wash 

inum wire before the spectroscope. with water and alcohol (i-i). 

(2) Decompose by gentle ignition, add a few 
drops of water and filter, add a little solid 
aluminum sulphate, dissolve and crystallize. 

CsA1(S04)2 • 1 2H2O crystallizes before 
RbAlS04 * 12H2O. See page 12. 

Fl- ^F 

K. Confirm by spectroscope. Na. Add a few drops of a one- 

per cent, solution of H2SO4 in 
alcohol. Ppt. Na2S04. If no 
precipitate forms saturate 
with HCl gas. Ppt. NaCl. 


* If the alkalies are present as salts of mixed volatile acids, they may be con¬ 
verted to the sulphates by evaporation with HE2S04 to the fuming-point. The sul¬ 
phates may be converted to the carbonates by treating with an excess of Ba( 0 H )2 
in solid form, filtering off the BaS 04 and insoluble excess of Ba(OH)2, and removing 
the Ba(OH)2 in solution as insoluble BaCOa by passing CO2 and boiling. The 
alkalies are left in solution as carbonates, from which form they may easily be. 
converted to any salt desired. 
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II 

The Aluminum and Iron Group. 

"Before beginning work upon this analysis the student 
"should review the reactions of the elements involved. 

‘ The common elements Pe and A1 are included in the exper¬ 
iments suggested, as they are typical members of their 
respective subdivisions. 

Upon separate solutions of the following salts: FeCla, 
TiCU, TICI3, ZrCU, AICI3. BeCls, UO2CI2 and NaVOg 

perform the following experiments, and record the results 
in tabular form: (i) Add HCI+H2S; (2) add NH4OH + 
(NH4)2S to the product of (i) ; (3) add Na0H-t-Na202 
to an HCl solution of any precipitate obtained in (2); 
(4) add NH4OH to portions of the original solutions; (5) 
warm solutions of the Al, V, Be, and U salts in a closed 
Bottle with NaHCOs; (6) shake separate portions of 

in m 

3IC1(i.I2) solutions of the hydroxides of Fe, Ti, Zr and T 1 
with ether in a separation funnel, and test the resulting 

in xn 

layers; (7) dehydrate the chlorides of Fe, Ti, Zr and Tl 
with amyl alcohol; (8) add NaHP04 to solutions of Ti 
and Zr salts in presence and absence of H2O2; (9) add 

in xn 

Na2S03 followed by KI to solutions of Tl and Fe salts; 
(10) add strong HCl to concentrated solutions of chlorides 
■of Be and Al; (ii) dehydrate concentrated solutions of the 
nitrates of Be and Al with amyl alcohol; (12) add NaHP04 
to solutions of U and V salts. 

DIRECTIONS AND NOTES FOR Al AND Fe GROUP. 

Boil out HiS if present. Add NHiOH in distinct but not large 
excess; note precipitate; pass HjS to saturation, warm, filter, wash 
with dilute (NH 4 ) 2 S and then with water. Avoid the use of (NHiIsS 
as precipitant because of its solvent action upon Ni. Transfer the pre¬ 
cipitate with 5-20 cm.® of HCl (1.12). Stir before warming, then boil 
.a few minutes. If a black residue remains add a few drops of HNO» 
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(1.42) and boil. Evaporate nearly to dryness with HNO3 to remove^ 
HCl. Dilute to 10^20 make alkaline with NaOH, add water 

to double the volume of the liquid. Add gradually 0.5-3 gnns. of 
Na202 with stirring. Add 5 cih:^ of 10% Na2C03, unless it is known that 
the alkali earths are absent; boil to remove excess of Na202. Cool, add 
equal volume of water, and filter. 

HCl is added before HNO3 to avoid oxidizing effect of HNO3 and 
formation of H2SO4, which in turn interferes with test for Cr04 by Ba 
and Pb salts. HNO3 is necessary to dissolve sulphides of Ni, Co, and 
V, HCl must be removed by evaporation, because chlorides interfere 
with test for Cr 04 by Pb. If (NH4)2S precipitate is allowed to stand 
for some time before treating it with acid, or if the mixture is heated 
a long time after precipitation, ZrO(OH)2 and TiO(OH)2 tend to remain, 
undissolved after treatment with acids, because of partial dehydration. 
These compounds may be dissolved by HF in Pt dish, and HP removed 
by evaporation with HNO3 or HCl. Na202 oxidizes Fe, Mn, Co, Ni„ 

I 

Tl, Cr, and U. U goes into solution as peruranate. 

A 1 Group. —To the filtrate from the Na 202 precipitate add HNOa. 
(1.20), keeping the solution cool until it reacts faintly acid. Dilute 
the solution to 100 cixL^; transfer to a flask, and place a funnel in the 
mouth of the flask. Add NaHCOs until the mixture, on shaking, na 
longer turns litmus red at once, and add about 1-5 grms. of solid 
NaHCOs. Warm 20-30 minutes on a water bath. Cool and filter. 

Alkaline solution is kept cool during neutralization to avoid reduction: 

VI in 

of Cr to Cr salt. Care must be taken to keep strictly to the directions 
about the use of NaHCOs. Stronger solutions dissolve Be. 

Dissolve the precipitate in dilute HCl and add NH4OH in moderate 
excess. Heat to boiling, filter, and wash thoroughly. Dissolve the 
precipitate in dilute HNOs, evaporate to a few cim^, and dehydrate 
with amyl alcohol. Be dissolves. To the filtrate from the NaHCOi 
treatment add HNOa (1.20) until the solution is distinctly acid but not 
in excess. If the solution is colorless, Cr is absent, and the treatment 
with Pb salt and H2S may be omitted. If Cr is absent neutralize the. 
acid with NH4OH, add acetic acid, 1-2 gnus, of (NH4)2S04, 2 grms.. 
of Na 2 HP 04 , and heat to boiling. Filter, and wash with a solutiont 

* If rare earths are to be tested for, treat this solution, only faintly acid! 
with HNOi, with NaF to complete precipitation of fluorides of rare earths 
Filter and reserve precipitate for rare earth analysis. Continue with ^filtrate a» 
directed above. 
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of (NH4)2S04. Dissolve in dilute HCl, evaporate, add NaCl and 
K4FeC6N 6 . Dark red == U. 

Neutralize the filtrate from the NaHP04 filtrate with NH4OH in 
slight excess and saturate with H2S. Pink or violet=V. 

Fe Group. —Dissolve the Na202 precipitate in 5-30 cifT^ of dilute 
HCl, warm, filter off paper, etc., and evaporate to about 2 cm.^ Add 
about 5 cnir^ of strong HNO3; and boil to remove HCL Add 5-20 c’mT^ 
of strong HNO3 and boil, adding 0.5 grm. of KCIO3. Filter off the 
Mn02 on glass wool or asbestos. 

HCl is used rather than HNO3 because HNO3 does not dissolve 
Mn02 readily. HCl is removed by HNO3 because HCl dissolves Mn02. 

If phosphates are absent (if present use acetate method) add NH4OH 
in distinct excess to the filtrate from the Mn02, filter, wash, and remove 
the water present, by suction if necessary. Dissolve in HCl (1.12), 
being careful to use this strength of acid. Add to the cold solution 
an equal volume of ether, and shake in a separation funnel. Draw off 
the layers, and repeat this operation with the water layer until the 
•ether layer remains colorless. 

The extraction of FeCL is most complete when the acid is 1.12. The 
absence of FeCL from the ether layer may be shown by lack of color. 
The water layer may have yellow color due to TiOs. Phosphoric acid 
does not interfere with the separation. 

Evaporate the ether extract on a water or steam bath, dissolve the 
.residue in a little dilute H2SO4 and water. To the cold solution add 
a little KI solution and Na2S08 until iodine color has disappeared. Yellow 
'Til indicates Tl. Confirm by green flame. Evaporate the water layer 
on a steam bath until the ether is expelled. Add dilute H2SO4 and 
evaporate to the fuming-point. Cool, add 5 cmT^ of water, 10 cID'^ of 
3% H2O2, and 10 cml^ of 10% Na2HP04 solution. Orange-red color¬ 
ation =Ti; white, flocky precipitate, Zr0HP04=Zr. Allow the mixture 
to stand about an hour before filtering. If filtrate is still colored, add 
powdered Na2S03 until the color bleaches. Precipitate, white, flocky 
Ti 0 HP 04 =Ti. 

The precipitation of the phosphate of Zr is slow, so that some time 
‘Should be allowed for it to form. The oxidation with H2O2 is necessary 
to keep the Ti from precipitating with the Zr. If rare earths are present 
they should be removed by HF before testing for Ti and Zr, 
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A modification of the method described in Table II as 
applied to the separation and detection of iron, thallium, 
zirconium, and titanium, starting with the hydroxides.* 

Dissolve hydroxides in the least possible amount of 
H2SO4. Treat with H2O2, a red coloration indicating titan¬ 
ium. Treat with Na2HP04 in the presence of NaOHf and 
add H2SO4 to acidity. 

Pi “ [F 

Zr0HP04 Treat with NaOH. 


Pi 

Fe r as hydroxides 
T 11 or phosphates. 

Dissolve in H2SO4. Treat with 
Na2S03+KI and filter. 


iF 

Treat with H2SO4, Na2S03 and 
Na2HP04, and filter. 

IP 

Ti 0 HP 04 


Pi--------^F 

TII Boil to remove SO2, add H2O2 to break 

up iodide, boil to remove iodine, add 
KSCN. Red coloration indicates Fe. 


* Browning, Simpson, and Porter, Am. Jour. Sci. XLII, 106. 
t This step is to prevent the excess of acid when sodium phosphate is added 
acidity interfering with the ready precipitation of zirconium phosphate. Gentle 
warming after the addition of sodium hydroxide gives good results, but in no case 
should the solution be boiled, and if warmed it should be cooled and treated with 
hydrogenMioxide before acidifying with sulphuric acid. 
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III 


The Rare Earth Group. 

Before taking up the analysis indicated in Table III 
the student is directed to review the reactions of the ele¬ 
ments involved, and to put the results in tabular form. 

Upon separate solutions of the following salts, Y(N03)3, 
Ce(N03)3, Pr(N03)3, Nd(N03)3, La(N03)3, Ce(N03)4 and 
Th(N O3) 4, try the action of the following reagents in solution; 
(i) NaOH, NH4OH, or KOH: (2) NaaCOa or K2CO3; (3) 
(NHOsCOa; (4) H2C2O4: (5) (NH4)2C204; (6) NaF; 
(7) NaaSaOa, and warm; (8) H2O2; (9) K4FeC6N6; (10) 
NaaHPOi; (ii) KIO3; (12) K2Cr04; (13) sebacic acid; 
(14) Cl or Br upon the suspended hydroxides; (15) K2SO4 
to saturation. Try also the action of acetic and dilute 
hydrochloric acids upon the precipitates formed in (i), (2),' 
(4), (10), (ii), and (12), and the action of H2O2 upon the 
hydroxides. 

TABLE HI. 

If rare earths are to be tested for, treat the hydrochloric add solution of the 
Fe and A 1 group predpitate with NaF.’*' This precipitates the fluorides of the 
rare and possibly the alkali earths. The predpitate should be thoroughly washed, 
and evaporated with H2SO4 to decompose the fluorides. This process removes 
the alkali earths as insoluble sulphates. The solution containing the sulphates 
of the rare earths, with excess of H2SO4 removed, is treated with Na2S208, and 
wanned. 


P|- 

Th(S203)2. 

Dissolve in HCl. 
Predpitate with H2C2O4, 
wash thoroughly. 
Dissolve in (NH4)2C204, 
addify with HCL 
P confirms Th. 


Pf 


Ce and Y earths. 
Saturate with Na2S04. 


IP 


icCe2(S04)3 • yNa2S04. 

Decompose with NaOH,t 
and add H2O2. 

Reddish yellow »»Ce.J 


Add NH4OH; white P, 
which dissolves in 
acid, and is pptd. by 
(NH4)2Cs04-y. 


♦ Noyes, Bray, and Spear evaporate the HCl solution of the A1 and Fe group to dryness 
and treat with HF. They state that the fluorides of A1 and Cr are somewhat insoluble in 
HF, and that Ti and Zr, if present, tend to retain HF. 

t The double sulphates may be conveniently decomposed fusion with ah eoual 
weight of pure charcoal (sugar carbon) in a porcdain crucible. The residue after fusion* 
consisting mainly of sulphides, dissolves readuy in dilute HCl (Browning and Blumenthal, 
Amer. Jour. Sci. [4] xxxii, 164). 

t If the pr^ence of other Ce earths is suspected, th^ may be rmnoved from Ce by 
treating the hydroxides suspended in a solution of NaOH with Cl or Br. These earths 
dissolve, leaving CeOs. 
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TABLE 


CHLORIDES OF La, Ce„ 

(1) Ppt, La, Pr, Nd, Sm, En, Gd & traces of Tr, Dy, etc, 
doable Na sulfates. Convert into nitrates and boil with KBr O3 
and Ca CO3. 


(3) Ppt basic 


(4) Solution ppt’d b}’' oxalic acid 
Transform oxalates into double Mg 


nitrate of Ce .nitrates and fractionate 



Pr oxalate 


This diagram, publiihed by James in 1912 (Jour. Amer. Cbem. Soc., xxxiv, 757) 
of Th and Zr, For dMioriptiva details tee original article. 

[By permhsion of ih$ Journal of 
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Pr, ETC.j+Na^SO, 


(2) Solution ppt’d by oxalic acid Tr, l)y, Ho, Tt, Hr, Tm, 

Tb, Lu& Ct with traces of Sc, Gd, Eu, & Sm oxalates Conyeited 
■•into bromates. 








Q 

‘ 

CD 

d" 


o 

w 

X 


'O 

d 

rd 



CO 

CD 

H 

W 

e+H 

O 

o 

CQ 

CD 

-4-3 

OT 

CD 

p 

"d 

a 

O 

m 

d 

-d 

e 

o 


o 

a 

•rH 

rj 



' o? 

r-t 

V-/ 

d 

u 

s 

-o 

M 

E 

o 

■+3> 


V ^ 


TO 

^ s ^ 

I 



O • ^ 

o rd rd 
. rH, .4-3 W -+-> 
Vs-/ O W (D 


, 2. “s s 'a 


U5 -C CO 

CO 'd CO *+::! 
>s—/ d o 


ae) Gd, Tr, & Dy ^ 
liitrateS. Convert into 
■double Ni nitrates 



g ^1 


©•g © *3 



(30) Ho & Yt 
ethyl-sulfates 
Tuse nitrates 


<18) Double (24) Tr, Dy (28) Tr, Dy (29) ^ (30) Ho & Yt 

nitrate of & Gd ethyl- ethyl- ethyl-sulfates 
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^-(31) Nitrate (32) Yt & Ho 

(26) Gd & Tr (26)Tr nitrate (27)Dy & Tr of^ nitrates 
nitrates nitrates 

trings the problem of rare earth separation to date. It assumes the previous removal 
the American Chemical Society and the Author 
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TABLE V.* 



♦ Thif fllagram, published by C. Jam« ia ipoS (Jour. Amer. Chem. Soc., xxx, P7p) will 
«erv€ to give a satiifmrtory Idea the tot methmli in use, at the time &( its publication, 
fttr the detailed »€pafation of the rare earths. For detalli reference if made to the ori^al 
paptr. 
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IV. 

Silver, Copper'and Tin Group. 

Before taking up the analysis outlined in Table VI, 
the student is directed to review the reactions of the rare 
elements involved. Lead, mercury, and arsenic are included 
for purposes of comparison. Taking separate portions of 
solutions of the following compounds, Pb(N03)2, TINO3, 
HgCL, AuCL, HzPtCle, H2Se03, H2Te03, K3ASO3, and 
(NH4)2 Mo 04, make the following experiments, and record 
the results in tabular form: (i) Add HCl; (2) add hot 
water to any precipitate formed in (i); (3) add H2SO4 

I 

to solutions of Pb and T 1 ; (4) add KI to solutions of Pb 
1 

and T 1 ; (5) add H2S to separate solutions of all the salts 
mentioned above; (6) add (NH4)2S to all sulphides pre¬ 
cipitated in (s); (7) add HN03(i:3) to the sulphides of 
Hg, Pb, Pt, and Au; (8) add Br water and KCl to the sul¬ 
phides of Hg, Pt, and Au; (9) add NaOH and H2C2O4 
to solutions of Au and Hg and warm; (10) acidify with HCl 
the sulpho salts of As, Pt, Au, Se, Te, and Mo; (ii) add 
HCl, then KCIO3 to the sulphides of As, Pt, Au, Se, Te, and 
Mo; (12) add HCl, then Na2S0.3 to solutions of Se, Te, and 
Mo; (13) add KI to solutions of Te and Mo; (14) to a solu¬ 
tion containing Mo add Zn-f-KSCN and enough HCl to 
start evolution of H2. 

DIRECTIONS AND NOTES FOR Ag, Cu, AND Sn GROUP. 

Add 4 rai? of HCl (dilute). Filter, wash with cold water (about 
10 an"®). Test the filtrate for traces of T 1 and Pb. 

PbClj and TlCl are somewhat soluble in cold water (20-40 mgs. of 
PbCh and 5-15 mgs. of TlCl may remain in solution). The solubility 
of these chlorides in water is decreased by the presence of HCl in 
moderate amormt. 

Ag Grout. —^Treat the precipitate of AgCl, PbCU, and TlCl with 
10 cm.® of boiling water, pouring it back and forth several times. 
Treat the hot water extract containing Pb and T 1 with one-fifth its volume 
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of strong H2SO4, allow to cool and stand a few minutes. Wash with- 
dilute H2SO4, since PbS04 is slightly soluble in water. To the solution 
containing T1 add 2-3 cm.^ of 1% KI. If free I appears, add H2SO3. 
Yellow TICI indicates TL 

Til is more insoluble than TICL Its solubility is decreased by KL 

I III ^ -m ^ 

T1 is oxidized to T 1 by Cl, Br, I, and aqua regia. T 1 is reduced by 

I III 

H2SO3. T! is slightly oxidized by HNO3. T1 is not precipitated by HCL 

Cu AND Sn Group. —Before adding H2S see that the volume of the 
solution is about 40 cm 7 ^ of which 4 cm} is HCl (i. 12). Heat the solu¬ 
tion to boiling, and saturate with H2S. Use a flask fitted with stoppeJ^ 
and delivery tubes, so that gentle pressure can be obtained. After 
saturating, add equal volume of water, cool, saturate again. 

V 

H2S is passed at boiling temperature for As, Pt, and Mo. Pressure 
is used to precipitate Pt metals and Mo. The small volume of liquid, 
40 cm".^, is to keep Ti, Bi, and Sb from precipitating as hydroxides or 
basic salts, and to precipitate As more readily. The final dilution and 

II 

cooling is to precipitate all of the Cd, Pb, and Sn. 

Digest precipitate with 10-20 cml^ of (NH4)2S, add equal volume 
of water, filter, and wash. 

M0S2-3 dissolves in moderate amount of (NH4)2S and gives a deep 
orange-red color to solution. Its presence in Cu Group does not inter¬ 
fere. PtS2 is not completely dissolved by (NH4)2S. 

Cu Group. —^Add 10-20 cml^ HNO3 (one-third strength), boil gently 
a few minutes. Dissolve residue in 10--40 cinl^ of saturated bromine 
water. Cover dish and warm 5-10 minutes. Expel excess of bromine, 
addo.5 grm. KCl, 1-2 cmr^HCl(i .12). Evaporate imtil KCl crystallizes, 
cool, add water until KCl dissolves. Filter, wash with KCl. Yellow 
K2PtCl6=Pt. Dissolve in hot water, test by KI. Make filtrate 
alkaline with 10% NaOH, add saturated solution of H2C2O4 to acidity, 
dilute to 15 cm? and warm 10-15 minutes on steam bath. Purple or 
dark yellow—Au. 

K2ptCl6 is much less soluble in KCl than in water. Color with KI 
due to K2PtIe. Au is precipitated readily by H2C2O4 only when solution 
is slightly acid and hot. Precipitation takes place slowly. 

Sn Group. —Dilute the (NH4)2S solution, acidify with HCl and warm 
gently; drain as dry as possible on a filter and warm with HCl (i . 20)^ 
which removes Sn and Sb. Warm with 5-10 cml^ HCl (i . 12), add 
a little KClOs, evaporate to 2 cm.^, or until KCi crystallizes out (see 
test for Pt, Cu Group). After removing Pt, remove As by NH4OH 
and MgCh mixture. To the filtrate add some H2C2O4, boil out NHj^ 
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make slightly acid with H2C2O4, and test for An as in Cu Group. Evap¬ 
orate filtrate from Au nearly to dryness, add 10 ciriu^ HCl, and if KCl 
separates filter it off. Add 0.2 grm. Na2S03 and allow to stand a few 
minutes, adding more NaSOs if odor of SO2 is not distinct. Red Se = Se. 

Reaction more delicate in cold because red, not black, Se forms. 
Te is reduced by Na 2 S 03 if HCl is much more dilute than i . 12. 

Dilute filtrate from Se, add equal volume of water, a little KI 
solution, and Na2S03. Black Te = Te. Filter after a few minutes. 

KI is added because Tel4 is more readily reduced by SO2 than is 
TeCh. Molybdic acid is slowly reduced by HI with liberation of I; 
therefore Te should be filtered off before confused with this color. 

Boil filtrate from Te until SO2 is expelled. Add a little 10% KSCN 
and some Zn. Red color = Mo. 

The SO2 is boiled out to avoid precipitation of S by Zn. Long con¬ 
tinued action of Zn will cause bleaching of red color. 
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Modification of the method described in Table VI as 
applied to the separation of platinum, gold, selenium, tel¬ 
lurium, arsenic, and molybdenum.* 

The filtrate from the K2PtCl6 (see previous page) should 
be made faintly alkaline with NaOH and the Au precipi¬ 
tated either by H2O2 or by acidifying with oxalic acid and 
warming. The Se is precipitated as in Table VI. 

Treat filtrate with NaaSOa-f-KI. 


PT 

Te 


Treat by boiling to remove the SO2, by 
H2O2 to break up the iodide, by boiling 
to remove iodine, by excess of NaOH 
and H2O2 to oxidize the -arsenic to 
arsenate, by acidifying to remove ex¬ 
cess of NaOH, by NH4OH and MgCb 
mixture, and filtration. 

pr— 

NH4MgAs04 1 

Confirm by AgNOg, forming Test for Mo by ICSCN and 
red-brown Ag3As04. Zn in HCl. Red Mo(SCN)4. 


Browning, Simpson and Porter, Am. Jour, Sci. XL, 349; xlix, ro6. 
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V. 

The Tungsten Group. 

Before taking up the analysis as outlined in Table VIII, 
the student is instructed to review the reactions of the. 
elements considered. 

Taking separate solutions of the following salts, Na2Sn03,, 
Na2Si03, Na2W04, KsTaoOig and KgNbeOig, try the. 
action of the following reagents, and record the results, 
in tabular form; (i) HNO3 to acid reaction; effect of. 
excess and result on evaporation; (2) HCl and H2SO4 under 
the same conditions as in (i) ; (3) NaOH, KOH or NH4OH 
upon the freshly precipitated oxide or hydroxide; (4) 
Zn+HCl on solutions of Ta, Nb, and W; (5) H2S on 
solutions containing Ta, Nb, W, Sn and Si, and subsequent 
acidification with HCl; (6) NaPO:i bead with and without 
FeS04, upon small particles of the oxides or hydroxides. 
Try also the effect of warming the dried oxides with HP 
in a lead dish. 


TABLE VIII.* 

Dissolve in HF, add H2SO4, and evaporate to the fuming-point to remove 
SiF4; cool, pour into 5 cm.^ of water, add NH4OH to alkaline reaction, then 
colorless (NH4)2S, and warm in a covered dish at 60® C. for 15 minutes. 

Pi fF 

TasOs, NhsOa, (TiOa), (WO3). (lSrH4)2SnS3, (NH4)2WS4. 

Warm with H2O2 and HCl. Acidify with H2SO4, shake and 

filter. 

Ri-[F Rf 

Ta206. Dissolve in HF, NbCl6(Ti02)(WCU). SnSz. 

add K2CO3, and boil. Evaporate with H2SO4, .(WS2). 

2K2TaF7, Ta206 indi- dilute, pour through 
cates Ta. a Zn column, add 

HgCla. Ppt.Hg2Cl2 
indicates Nb. 

* Abridged and adapted from A. A. Noyes, Technology Ouarterly, Vol. XVII, No. 
2X4* 


-IF 

H2WO4. 

Confirm b y 
Zn+HCL 
Blue color indi¬ 
cates W. 
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VI. 


The Platinum Group. 

Before attempting any separations by the use of Table 
■lx, the student is directed to review the reactions of the 
platinum group. 

Take separate portions of solutions of H2PtCl6, Na2l rCle, 
K2OSCI6, RuCls, NasRhCle, and PdCl2 and try the action 
of the following reagents upon them, recording the results in 
tabular form; (i) H2S; (2) (NH4)2S upon the sulphides 
precipitated; (3) KOH or NaOH; (4) KCl or NH4CI; 
(S) KNO2; ( 6 ) Na 202 ; (7) Zn+HCl. 

The separation of the platintim metals is one of the 
most difficult analytical problems. The following scheme, 
offered by Leidie and Quennessen (Bull. Soc. Chim. xxvii, 
181 (1902)), has been found to give fairly satisfactory 
results when the mixtures examined were not especially 
complex. 

TABLE IX. 


The finely divided metals are mixed with 5 to 6 times their weight of Na202 
and heated gently in a nickel crucible. Treat with water. 


The residue contains Ni, 
and Rh, as insoluble compounds. 
Treat with hot HCl, filter, evap¬ 
orate excess of acid, add NaNOa 
and Na2C03 to neutrality, and 
boil. 

-TF 


The filtrate contains soluble so¬ 
dium salts of Os, Ru, Ir, and Pd. 
Yellow solution = Os, Ru, or Pd. 
Blue solution = Ir. 

Colorless solution=absence of all. 

(a) If solution is yellow, pass 
chlorine and heat, catching dis¬ 
tillate in cold water. 


Ni removed. Add excess of 
HCl, evapo¬ 
rate to dry¬ 
ness. Add 
water and 
NH4CI. 

P| -IF 

-Pt as chloro- Rh in solution 
platinate as reddish 
double chlo¬ 
ride. 


R 


The residue when 
neutralized with 
HCl and evap- 
orated with 
NH4OH and 
KCl should give 
red citystals of 
potassium chlor- 
palladate if Pd 
IS present. 


D 


(1) If either Os or Ru is 
present, NH4SH giv^ 
a black sulphide. 

(2) If Os is present a 
violet osmate is pro¬ 
duced by KNOgand 
heating. 

(5) If Ru is present a 
black ppt. of Ru is 
produced by KOH 
and alcohol in the cold. 
( 5 ) If solution is blue, neutralize 
with HQ, evaporate in presence of 
NH4OH and KCL Black crystals 
of potassium chlor-iridate^Ir. 
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CHAPTER XIV. ■ 

SPECTROSCOPIC TABLES. 

The importance of spectrum analysis in the chemistry 
of the rarer elements has suggeste'd the insertion of some 
spectroscopic charts and tables. 

In order to make possible the location with a fair degree 
of certainty of the lines in the field of visible spectra, 
the wave lengths of the Fratinhofer lines shown in spectrum 
No. I, on the chart of Flame Spectra, are here given; 

^=7594; 5=6867.4; C=6s63; D = 5893.i; £ = 5270; 
6=5172; 5=4861.4; G =4308; if =3968.6;ifi =3933.8. 1 

A comparison of these lines with the arbitrary scale given 
in the charts of Flame and Spark Spectra will serve to locate 
the position of the various spectra. 

In the table of Chief Lines only a few of the more 
important are recorded. The figures in parenthesis, e. g. 
Li (3232-6708), show the range of the chief lines as given 
by Exner and Haschek. The second number, (6), gives 
the total number of chief lines. The other numbers^ 
4202.2, 4603.1, 6103.8, 6708.1, indicate the lines of greatest 
intensity. Few lines of an intensity below 10 on the scale 
used by these investigators are mentioned, and those in 
heavy type are of an intensity of 50 or above. 

The visible spectrum lies between 7600 and 4000; 
the lines outside of these limits, non-existent to the eye» 
are observed by other methods, photography being espe¬ 
cially valuable for this purpose whenever it is applicable. 
Many of the principal lines of the rare element spectra wilt 
be seen to be of a wave length below 4000, and .'.therefore 
to lie in the ultra violet. 
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TYPICAL SPARK SPECTRA. 
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20 30 40 50 60 70 80 90 100 HO 120 130 140 ISp 160 











I. Neodymium-Anunonium Nitrate. 2. Praseodymium-Ammonium Nitrate, 

3. Erbium Chloride. 

From Ailas of, Absorption Spectra^ by Uhler and Wood, Carnegie Publication, No. 71. 




























TYPICAL ABSORPTION SPECTRA. 



I. Samarium Chloride. 2. Gadolinium Chloride. 3. Dysprosium Chloride 

From plates accompanying The Absorption Spectra of Solutions of Compamihdy Rme 
Salts, by Jones and Strong, Carnegie Publication, No, t 6 o» 





















CHIEF LINES IN ARC AND SPARK SPECTRA. 



According to Exner and Haschek, Die Spektren der Elemente bei Normalen Druck. 

See Lecoq de Boisbaudran, Compt. rend., CLIII, 318. J See Urbain, Compt. rend., CLII, 141, 























CHIEF LINES IN ARC AND SPARK SPECTRA—Co«ft‘»ae(f. 
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REVIEW QUESTIONS. 


DESCRIPTIVE PART. 

an answering these questions be prepared to'write equations for all reactions.) 

L 

LITHIUM, RUBIDIUM, CAESIUM. 

I. (a) Name the particulars of chemical behavior which led to the 
discovery of Li. (6) How and under what circumstances were Rb and 

Cs discovered? 2. Name the chief mineral sources. 3. Are these 

elements found elsewhere than in minerals? Give examples. 4. De¬ 
scribe in full the method you employed to obtain compounds of these 
elements from a mineral source. 5. Discuss briefly two other methods 
of extraction. 6. How are the elements prepared and how do they 
compare in properties? Compare with Na and K in elementary con¬ 
dition. 7. What salts are soluble in alcohol? 8. Name two important 
insoluble salts of Li. g. Describe the action of SbCL, SnCU and PbCU 

upon salts of Cs and Rb. 10. What happens (a) when Na8Co(N02)a 

and (b) HaPtCle act upon solutions of Li, Rb, and Cs salts? ii. Com¬ 
pare the solubility of the chloroplatinates and the alums of Cs, Rb and 
K. 12. Describe the flame and spectroscopic tests for Cs, Rb and 
Li. 13- Classify the alkalies Li, Na, K, Rb and Cs into two groups 
and give reasons for the classification, 

IL 

BERYLLIUM AND RADIO-ELEMENTS. 

I. "What properties of the compounds of Be led to its discovery? 
2, Name three important minoral sources. 3. How did you obtain a 
compound of Be from Beryl? 4. Discuss briefly two other methods of 
extraction. 5. Discuss briefly the preparation and properties of the 
dement Be. 6. What happens when a solution of a sdt of Be is treated 
with the following reagents; (a) NH4OH; (&) NaOH or KOHj (c) 
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(NH4)2C03; Na2C03 or K2CO3; {d) Na2HP04. 7- Discuss the behavior 
of Be(0H)2 {a) toward NaHCOs; {h) toward concentrated solutions of 
Be salts. 8. What salts of Be are soluble in alcohol? 9. Give examples 
of the hydrolysis of Be salts. 10. Discuss the peculiarities of the double 
alkali tartrates and the basic acetates, ii. Discuss the similarities 
and differences of behavior of Be and A1 compounds. 12. Name 
the five important radio-elements. 13. VGiat do you understand by 
a, ^ and y rays, and how are they distinguished? 14. State briefly the 
disintegration theory. 15. What observations led to the discovery of 
radium? 16. What are the chief sources of radium? 17. How is radium 
extracted from pitchblende residues? 18. What common element does 
radium resemble? 19. Give the symbols for some of the radium salts. 
20. Give the chief chemical characteristics of radium salts. 21. What 
are some of the physiological effects? 

III. 

RARE EARTHS (YTTRIUM AND CERIUM GROUPS). 

I. Into w’hat groups are the rare earths classified and upon what 
does the classification depend? 2. Name five of the most important 
mineral sources of the rare earths. 3. What are the chief mineral 
sources of the Y group? The Ce group? 4. How did you obtain the 
•oxalate of Y from gadolinite and the oxalate of Ce from cerite? 5. Dis¬ 
cuss the preparation and properties of the elements Y and Ce. 6. How 
do the following reagents act upon soluble salts of Y and Ce: NH4OH; 
Na2C03; (NH4)2C03; NH4F; Na2S04 or K2SO4 to saturation; KIO3; 
Na2HP04; K4FeC6N6; H2C2O4; El2Cr04? 7. Starting with Ce02 
show how you would form CeCh and Ce(N03)4. 8. How does H2O2 
act upon cerous salts in alkaline solution, and upon ceric salts in acid 
solution? 9. Discuss the reduction of ceric salts and the oxidation 
of cerous salts. 10. Describe a delicate test for Ce. ii. How did 
Mosander separate La and Di from Ce? 12. How did WeLsbach separate 
Di into Pr and Nd? 13. Name three of the cerium earths which give 
absorption spectra and show by a rough diagram the main differences. 

14. What important Y earth gives a distinct absorption spectrum? 

15. What is the marked difference between Ce and the other Ce earths? 

16. How would you separate Ce from the other Ce earths? 17. Show 
by a diagram the order of the discovery of the Y earths, with the names 
of the discoverers, the dates of the discoveries and the sources from 
which the earths were obtained. Make a similar diagram for the Ce 
earths. 
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IV. 

THORIUM AND ZmCONIUM. 

I. Name the chief mineral sources of Th compounds. 2. Name the 
chief mineral source of Zr compounds. 3. How may Th02 be prepared 
from (a) monazitc? (/;) mantle ashes? 4. How did you obtain a Zr 
compound from zircon? 5. Discuss the preparation of the elements Th 
and Zr. 6. Compare the action of the following reagents upon soluble 
salts of Th and Zr: NH4OH; NaOH; (NH4)2C03; NaaCOa; Na2S04 
or K2SO4 to saturation; Na2HP04; KF; K4FeC0N6; KIO3; Na2S203; 
H2C2O4; (NH 4 ) 2 C 204 in excess and the addition of HCl to the product; 
sebacic acid. 7. VTiat salt of Th is used largely commercially, and how 
is it used? 8. In what reactions does Zr resemble and in what differ 
from the rare earths? 9. What happens when a solution of a Zr salt is 
treated with Na2HP04 in the presence of H2O2? 10. What happens 
when a solution of ZrCh is shaken with ether? 

V. 

GALLIUM, INDIUM, THALLIUM, 

I. What the chief mineral sources of T 1 compounds? 2. In what 
commercial waste product is T1 often found? 3. Discuss briefly the 
.method for the extraction of Tl. How did you extract it? 4. Discuss 
the preparation and properties of TlCl, TlBr and TIL 5. What happens 
when a solution of a thallous salt is treated with (a) HiPtCU, {b) 
Na3Co(N02)6, (c) K2Cr04, (d) HaS and (NH4)2S? 6 . Compare Tl' 

rsalts with I'b salts and salts of the alkalies. 7. How may Tl' salts be 
oxidized? 8. (a) Compare the action of HCl and KOH upon solutions 
of Tl' and Tl"_' salts; (b) What happens when a solution of TlCL is 
shaken with ether? 9. Show how Tl'" salts may be reduced. 10. 
Describe the flame and spectroscopic tests for Tl. ii. In what general 
class of minerals are Ga and In found? 12. Describe the methods 
briefly by which they may be separated from thdr mineral associates. 
How did you identify the presence of In in a residue from the puri¬ 
fication of Zn? 13. Give the symbols of the oxides, chlorides, nitrates, 
4sulphates and alums. 14. Discuss the similarities between Ga, In and 
AL 15. What happens when a solution of an In salt is boiled with 
NH4HSOg? 16. Describe the spectroscc^ic test for In. 17^ What 
peculiar physical prqperty has the element Ga? 




THE RARER ELEMENTS. 


VI. 

TITANIUM AND GERMANIUM. 

I. What are the chief mineral sources of the element Ti? 2. In what 
animal and vegetable products has Ti been found? 3. Give two methods, 
for the extraction from a mineral source. 4. Discuss the preparation 
and properties of the element. 5. Show how compotmds of the con¬ 
dition of oxidation represented by the oxides Ti203 and TiOs may be 
obtained from Ti02. 6. How are ortho- and metatitanic acids formed? 
7. What happens (a) when a solution of Ti(S 04)2 is treated with Na 2 HP 04 ? 
(b) When H2O2 is added before the Na 2 HP 04 ? (c) When Na2S03 is added 
after H2O2 and Na 2 HP 04 ? 8. Discuss the color tests for Ti. 9. What- 
happens when a solution of TiCU is shaken with ether? 10. Name the 
chief commercial applications of Ti. ii. What led Winkler to the dis¬ 
covery of Ge? 12. What are the chief .mineral sources of the element. 
Ge? 13. Give briefly the method of extraction. 14. Give symbols for 
some of the chief compoimds. 15. Discuss similarities between Ge and. 
C, Si, and Sn. 

VII. 

VANADIUM, NIOBIUM AND TANTALUM. 

I. What are the chief mineral sources of V? 2. How would you- 
obtain ammonium vanadate from vanadinite? 3. Discuss the formation 
of sodium vanadate from camotite (V02)2K2V208. 4. How may V2O5 

be obtained from ammonium vanadate? 5. Give symbols for the ortho-, 
meta- and pyrovanadates. 6. Discuss the preparation and properties 
of the vanadates of Ag, Pb and Ba. 7. Give symbols for the oxides, 
of V and discuss their acidic and basic character. 8. Show how com¬ 
pounds of V2O6 may be reduced, and how compounds of V2O4 may be 
oxidized. 9. VTiat happens when an alkaline solution of a vanadate 
is saturated with H2S? 10. What are some of the important commercial 
applications of the element V and of its compounds? ii. Name the chief 
mineral sources of the elements Nb and Ta. 12. Discuss the decom¬ 
position of Nb and Ta minerals by potassium bisulphate. 13. Taking, 
the symbol (Fe,Mn)(Nb,Ta)206 as that of columbite, discuss with 
equations the extraction of Nb and Ta. 14. Discuss the preparation 
and properties of the elemaats. 15. Show how by the action of KOH 
upon Nb206 potassium hexaniobate may be formed, and how by the* 
action of KOH upon Ta^Os a hexatantalate and a metatantalate may be 
obtained. 16. Discuss any differences between the elements Nb and Ta. 
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17. What commercial application has been made of the element Ta? 

18. What evidence have we that Nb and Ta exist in other conditions of 
oxidation than that represented by the oxides Nb206 and Ta206? 

VIII. 

MOLYBDENTTM, TUNGSTEN, URANIUM. 

I. What are the chief mineral sources of the element Mo? 2. Describe 
a process for the preparation of MoOs from molybdenite. 3. How would 
you obtain the same oxide from wulfenite? 4. Discuss the preparation 
and properties of the element. 5. Name the chief oxides of Mo and 
classify as to their acid or basic character. 6 . What happens when 
M0O3 is treated with NH4OH and the product is treated with a solution 
of a Ba, Pb or Ag salt? 7. Describe the action of H2S upon an acidified 
solution of an alkali molybdate; the action NH40H-}-H2S upon a solu¬ 
tion of a molybdate. 8 . Discuss the action of typical reducing agents 
upon Mo solutions. 9. Describe the following color tests for Mo: 
(a) H2SO4 cone.; {b) Zn-hKSCN. 10. What commercial applications 
have been made of Mo and its compounds? ii. What are the chief 
mineral sources of the element W? 12. Describe a method by means 
of which you obtained WO3 from wolframite. 13. What happens when 
WO3 is acted upon by NH4OH, KOH or NaOH. 14. Starting with the 
alkali tungstates show how ttmgstates of Ag, Pb and Ba may be formed. 
15. Show how by the action of IVO3 upon Na2W04 a metatungstate 
may be formed. 16. Discuss the action of H2S and Nn40H upon 
tungstates, and the action of acid upon the sulphosalt. 17. Give symbols 
for the chief oxides of W and some of the salts corresponding to the con¬ 
ditions of oxidation represented. 18. Describe the phenomena accom¬ 
panying the action of reducing agents upon tungstates. 19. Discuss 
pr^aration and properties of the element W. 20. Discuss the impor¬ 
tant commercial application of elementary W and W compounds. 21. 
What are the chief mineral sources of the element U? 22. How did 
you extract U salts from pitchblende? From camotite? 23. Discuss 
the pr^aration and properties of the element U. 24. What happens 
(a) when a uranyl salt (UO2CI2) is treated with KOH or NHiOH? 
Equations, (h) When NagOt-fNaOH are added to a salt of U. 25. 
How do^ (NH4)tC08 act upon the uranates of Na, K or NH? 26. Dis¬ 
cuss the action of Na^iCO?, (NH4)2S, Na2HP04 and K4peC6Nfl upon 
uranyl salts. 27. Discus the color reactions of uranyl salts. 28. Dis¬ 
cus the reduction oi uranyl salts to uranous salts and the oxidation of 
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uranous salts to uranyl salts. 29. Discuss the differences in chemical 
behavior between uranyl and uranous salts. 30. To what commercial 
uses has U been applied? 


SELENIUM AND TELLURIUM. 

I. What are the chief mineral sources of selenium compounds? 
2..In what commercial residues is Se often found? 3. Describe two 
typical processes for the extraction of Se. 4. How did you prepare 
H2Se08 from Se? 5. How is H 2 Se 04 prepared from Se and from H2Se03? 
6. Discuss the preparation and properties of BaSeOs and BaSe04. 7. How 
is H 2 Se 04 reduced to H2Se03 and H 2 Se 03 to Se? 8. Discuss the prepara¬ 
tion and properties of H2Se and the selenides. 9. What is KSeCN, 
how is it formed, and what is the action of HCl upon it? 10. Discuss 
the preparation and properties of the allotropic forms of Se? ii. How 
is SeSOa prepared and what is the action of water upon it? 12. To what 
commercial uses has Se been applied? 13. What observation led to the 
discovery of Se? 14. Discuss the behavior of Se on being subjected 
to heat. 15. What are the chief mineral sources of Te compounds. 
16. In what commercial residues is Te often found? 17. Describe two 
typical processes for the extraction of Te. 18. How did you prepare 
Te02 from Te? 19. How did you prepare IGTeOs from Te02? 20. 
Discuss the preparation of H2Te04. 21. How is TeCb formed, and 

what is the action of water upon it? 22. How is Tel4 formed? 23. 
How is H2Te04 reduced to H^iTeOa? 24. Discuss with equations the 
preparation of the basic sulphate and nitrate of Te. 25. How did you 
predpitate the element Te? 26. Discuss the action of KCN upon Te 
and the action of air upon the product. 27. What happens when 
strong H2SO4 acts upon Te, and when the product is treated with 
water? 28. What is the behavior of Te compounds on charcoal before 
the blowpipe? 29. Discuss the preparation and properties of H2Te and 
the tellurides. 

X. 

PLATINUM AND THE PLATINUM METALS, GOLD AND THE RARE 
INERT GASES OF THE ATMOSPHERE. 

I. In what forms are the metals of the Pt group* generally found in 
nature? Name the members of the group. 2. Name a mineral source 
(a) of Pt, {h) of Ru. 3. Describe (a) a fusion proems and {b) a wet proo 
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ess by which Ft alloys may be attacked. 4. Discuss the action of the 
acids upon Pt and the Ft metals. 5. Which of the Ft group of metals 
has the lowest and which the highest fusing point? 6. How in general 
may the metals of this group be obtained from their salts? 7. Dis¬ 
cuss the action oi(a) H2S, ( 6 ) (NH4)2S, (c) NaOH and (d) NH4CI upon 
solutions of the salts of the Pt metals, e.g., chlorides. 8. Mention the 
technical uses to which Pt and the Pt metals have been put. 9. Show 
by the symbols of the oxides the chief conditions of oxidation in which 
Pt and the Pt metals are known. 10. Discuss the occurrence of gold. 
II. Describe briefly six methods of extraction. 12. Discuss the chemi-- 
cal and physical properties of the metals. 13. Name the two con¬ 
ditions of oxidation and give symbols for the oxides. 14. What hap¬ 
pens when AuCh is acted upon by the following reagents: (a) H2S, 
(6) KI, (c) NH4OH, (d) SnCh, (6) FeS04, (/) H.C2O4, {g) KOH+H2O2. 
15. Discuss the action upon metallic gold of (a) aqua regia, {b) chlo¬ 
rine or bromine, (c) potassium cyanide. 16. Discuss briefly the obser¬ 
vations which led to the discovery of argon. 17. Discuss briefly the 
observations which led to the discovery of helium. 18. How were kryp¬ 
ton, xenon and neon discovered? 19. Discuss briefly the occurrence of 
these gases. 20. Discuss briefly the extraction. 21. Make a compara¬ 
tive table showing the density, boiling points and spectra of these gases. 


ANALYTICAL PART. 


1 . 

Show how by the use of HNO3, HCl, H2S, NH4OH successively upon 
individual solutions of salts of the following elements they may be clas¬ 
sified into groups: Tl', W, Au, Pt, Te, Se, Mo, Ge, Ir, Ru, Rh, Os, Pd, 
V, Ce, Pr, Nd, Y, Th, Zr, Be, Ti, Ta, Nb, Ga, In, Tl'", U, Li, Rb, Cs. 

IL 

TEST AND TUNGSTEN GROUP. 

' I. What happens when a solution containing Ta, Nb, W, Si and Sn 
is evaporated to drynes^ with HNO3? 2. What happens when the 
oxides of Ta, Nb, W, Si and Sn are treated with HF and the solution 
evaporated to the fuming point with H2SO4? 3 - Discuss the action of 
NH40H+(NH4)2S upon the residue after removal of Si02. 4. How 
does a mixture H2O2 and HCl act upon NbaOs and TaaOfi? 5. How 
do we detect (a) Ta (6) Nb? (c) W? 

III. 

HCl GROUP. 

I. What rare basic ion may be precipitated from a nitric acid solution 
by HCl? 2. Is TlCl completely precipitated by HCl? How shown? 
3. How do we separate Tl from Hgg and Ag? From Pb? 4. Which is 
the more insoluble, TlCl or Til? 5. How do^ HCl act upon solutions 
containing Tl"'? 6. What oxidizing agents change Tl' to Tl'"? 7. 
How may Tl'" be reduced to Tl'? 8. Comment upon the solubility 
of TlCl in water and in HQ. 9. Comment upon the solubility of Til 
in wato and in IQ. 

IV. 

as GROUP. 

1, Name the rarer elements which are predpitated by HiS in add 
solution. 2. Why is HgS passed, first in hot strcmgly add, and then in 

242 









REVIEIV QUESTIONS. 


243 


cold dilute solution? 3. Which of the sulphides are best precipitated 
under gentle pressure and how is this accomplished? 4. Which of the 
sulphides are dissolved by (NH4)2S? 5. How did we separate Pt from 

As, Se, Te, Au and Mo? 6. Why is K2PtCl6 washed with KCl rather 
than with water, and how is the presence of Pt confirmed? 7. What 
happens when a solution containing Au, Se, Te and Mo is warmed with 
oxalic acid? 8 . Why is oxalic acid used rather than H2SO8? 9. What 
happens when a solution containing Te and Se is strongly acidified with 
HCl and treated with Na2S08? 10. Why is KI added to the diluted 

solution containing Te after the removal of the Se? ii. How is Mo 
detected and what is the compound formed? 12. How did we separate 
Pt and Au from the residue from the (NH4)2S treatment? 


V. 

Pt GROUP. 

I. Name the metals of the platinum group. 2. How is this group 
subdivided after the fusion with NaaOa? 3. How do we separate Pt 
from Rh? 4. What does a colorless solution after the extraction of the 
NaaOa fusion indicate?—a blue solution?—-a yellow solution? 5. How 
do we separate Ru and Os from Ir and Pd? 6. How are Ir and Pd 
detected? 7. How may Ru and Os be detected when present together? 


VI. 

HH4OH AND (WaU)^ GROm 

I, Name the rarer elements, exclusive of the rare earth group, which 
are precipitated by (NH 4 ) 2 S+NH 40 H. 2. How may thm ekmmts 

be divided into two groups by the action of NaOH+NatOs+NasCOs? 
3- What happens when a solution of the dhlorida of Ti, Zr, and T 1 is 
shaken with eth^? 4. How may Tl be detected in the presence of Pe? 
5. How did you separate Zr and Ti? 6. Why are HgO® and NajiSOs 
used in the s^aration and detection of Ti as the phosphate? 7* What 
happens whm a solution containing U, and Be is treated mtk a slight 
excess of NaHCOa and warmed upon a steam batii? 8. How may Be 
and AI be separated? 9. How did we separate U from V and conten 
its presence? 10. How did we test for the (rf V? 
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VII. 

RARE EARTH GROUP. 

I. At what point in the analysis are the rare earths precipitated? 
2. What is the action of HF or NH4F upon a solution containing the rare 
earths? 3. How may the rare earths and alkali earths be separated if 
present together as fluorides? 4. Discuss the action of Na2S203 upon a 
solution containing Ce, Y and Th. 5. How may the presence of Th be 
confirmed? 6. What happens when a solution containing Ce and Y is 
saturated with K2SO4 or Na 2 S 04 ? 7. How may the presence of Ce be 

confirmed? 8. How did we test for Y? 9. Discuss briefly a method 
for the separation of the other members of the Ce group. 10. Discuss 
the separation of the Y group. 


VIIL 

ALKALI GROUP. 

I. What happens when a solution of the chlorides of the alkalies is 
dehydrated with amyl alcohol? 2. How do w^e confirm the presence of 
Li? 3- How may the alkali chlorides be converted into the carbonates? 
4. How may the carbonate of Cs be separated from the other alkali 
carbonates? 5. How may we confirm the presence of Cs? 6. How may 
Rb and K be separated from Na? 7. Suggest a method for the separa¬ 
tion of Rb and K. 8. Describe the spectroscopic tests for Na, K, Li, 
Cs, and Rb. 9. How-may the alkali salts be converted into sulphates? 
10. How may the sulphates be converted into carbonates? 


QUALITATIVE DETECTION. 
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Given a solution which may contain, one of the following elemaits; 
Ta, Nb, W, Tl' or Au, Pt, Se, Te, Mo, V, U, Zr, Th, Ce, Y, Ti, Be, 
Cs, Rb, Li. 

A. Add HCl to acidity but not in large excess. Formation of a 
precipitate indicates Ta, Nb, W or Tl*. (Note: gentle warming makes 
H 2 WO 4 more insoluble; HaTeOa may be precipitated from K2Te03, but 
dissolves in excess.) 

If the precipitate dissolves on warming, TF is indicated. Confirm 
by other tests on original solution. 

If TF is not indicated, add a piece of Zn to the acidified solution and 
enough HCl to insure a good evolution of H 2 . Blue color indicates W. 
Violet color indicates Nb. Absence of color indicates Ta. Confirm M 
possible by other tests on original solution. 

B. If no precipitate appeared on addition of HCl, add H 2 S. Browa 
to black indicates Au, Pt, Te, Mo; yellow to red indicates Se. White 
sulphur with blue solution indicates V. White sulphur with colorless 
solution indicates Tl™^. Identify by following tests on original solution: 
Au by FeS04 or by H202+Na0H=metallic gold; Pt by KI=reddish 
violet color; Te by SnCl 2 =black Te; Se by Na2S203+HCl=red Se; 
Mo by Zn4-HCl+KSCN=redMo(SCN)4; V by NH40H+H2S=red 
NH 4 VS 3 ; Tl™ by NH40H==brown precipitate, Tl(OH) 3 . Confirm by 
all possible tests. 

C. If no precipitate occurs with H 2 S, boil out H 2 S, cool, add NH 4 OH 
to alkaline reaction. Yellow precipitate indicates TJ. Brown indicates 
Tl™. White indicates Zr, Th, Ce, Y, Ti or Be. If the precipitate is 
white, dissolve in least possible amount of HCl and add H 2 C 2 O 4 . White 
precipitate indicates Y, Ce, Th(Zr). No precipitate indicates Ti, Be, 
Zr. Identify as follows: Ce by NaOH+H202=yeUow-brown Ce(OH)». 
Th by solubility of oxalate in (NH4)2C204.; Y by negative results with 
last two tests; Ti by yellow to red color with H 2 O 2 ; Be by precipitate 
with NaOH soluble in excess; Zr by negative results with last two tests 
and precipitation with Na2HP04. Confirm all by possible tests, including 
tests for U and TI. 

D. If no precipitate was formed by NH4OH, treat the original solu- 
ticm with Na8Co(N02)6; a precipitate indicates Cs or Rb. No precipitate 
indicates Li. Confirm by spectroscopic and flame tests. 

Note. —Ge gives a white sulphide with HC14-H2S. Ga and In give 
white precipitate with NH 4 CI+NH 4 OH. Ga(OH )8 is soluble, In(OH)« is 
in^luble in KCH; In salts give dharacteristic flame spectra. 
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MINERALS AND REAGENTS USED IN THE STUDY 
OF THE RARER ELEMENTS. 


A. Minerals and Commercial Residues from wHch the 

Rarer Elements are extracted: 

Li, Lithiophilite; Cs and Rb, Lepidolite; Be, Beryl; 
Ce, Cerite or Monazite Residues from the extraction 
of Thorium; Y, Gadolinite; Th, Monazite or Wels- 
bach Mantle Ash; Zr, Zircon; Ga and In, Leady 
Residue from the Purification of Zinc; Tl, Flue 
Dust; Ti, Rutile or Illmenite; Ge, Germaniferous 
Zinc Oxide; V, Camotite or Patronite; Cb (Nb) and 
Ta, Columbite; Mo, Molybdenite; 'W, Wolframite 
or Hubnerite; U, Pitchblende or Camotite; Se and 
Te, Copper Refining Residues; Pt, Platinum Resi¬ 
dues; Au, Gold Ore. 

B. Reagents: 

Acids—Sulphuric, Hydrochloric, Nitric, Acetic, Oxalic, 
Orthophosphoric, Tartaric, Sebacic, Tannic, Gallic, 
Pyrogallic, Chloroplatinic. 

Ammonium Compounds—Hydroxide, Carbonate, Chlor¬ 
ide, Sulphide, Acetate, Oxalate, Add Sulphite, 
Sodium Hydrogen Phosphate, Alum. 

Sodium Compounds—Hydroxide, Carbonate, Add Car¬ 
bonate, Sulphate, Sulphite, Thiosulphate, Fluoride, 
Hypochlorite, Hydrogen Phosphate, Dioxide, Co- 
balti-Nitrite. 

Potassium Compounds—^Hydroxide, Bromide, Iodide, 
Sulphate, Ferrocyanide, Cyanide, Ferricyanide, 
Chloride, Add Sulphate, Nitrite, lodate. Formate, 
Sulphocyanide, Chromate, Carbonate, Perman¬ 
ganate. 
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Aluminum Sulphate, Antimony Trichloride, Barium 
Carbonate, Barium Chloride, Bromine Water, Cal¬ 
cium Fluoride, Copper Sulphate, Ferrous Sulphate, 
Ferric Chloride, Hydrogen Dioxide, Lead Acetate, 
Lead Dioxide, Magnesium, Mercurous Nitrate, Stan¬ 
nous Chloride, Stannic Chloride, Silver Nitrate. 

Amyl Alcohol, Ethyl Alcohol, Carbon Bisulphide, Char¬ 
coal, Starch, Asbestos Fibers, Litmus Paper, Tur¬ 
meric Paper. 

Generators—Hydrogen Sulphide, Carbon Dioxide, Hy¬ 
drochloric Acid, Chlorine. 

Special Organic Reagents—Diphenylcarbazid, Hydra¬ 
zine Sulphate, Morphia, Nitroso-beta-naphthol, 
Phenylhydrazin, Thiourea. 

Compounds of the Rarer Elements which it is desirable 
to have on hand: 

Nitrates or Chlorides of Li, Cs, Rb, Be, Y, Ce, La, Pr, 
Nd, Th, Zr. 

Chlorides of Au, Pt, Pd, Ru. 

Nitrates of Tl, TJ. 

Oxides: Ti02, Nb205, Ta 205 , M 0 O 3 , WO3, Se02, Te02. 

Ammonium Vanadate, Sodium Rhodium Chloride, So¬ 
dium Iridium Chloride, Potassium Osmium Chloride. 

Apparatus. 

A set of apparatus which would be issued for a course in 
Qualitative Analysis would cover the needs of this course. 
A spectroscope or two should be on hand for observation of 
flame and absorption spectra. 
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